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AUTHOR'S NOTE 
The author used cleft lip and/or cleft 
palate to indicate the three entities of 
cleft lip, cleft lip and palate, and 
isolated cleft palate as has been noted 
consistently in the literature. 
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INTRODUCTION 
,. 
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It i~ evident that medical progress has decreas~d 
the number of deaths due to c~ngenita.l malformations 
over the years. Particularly noteworthy are those 
deform.i ties of the head and neck VThich have succumbed 
to modern surgical techniques. These head and neck 
deformities vary in severity from .the slightest anomaly~ 
causing moderate disability with or without cosmetic 
inconvenience~ to the most severe, which~ without treat-
ment would involve permanent disability or even death. 
The congenital anomaly of cleft lip and cleft palate 
can be considered within the scope of this given defini-
tion. This affliction is quite a severe, disabling 
one. In the course of the past 30 years~ however~ the 
prognosis in the treatment of cleft lip and cleft palate 
has im~roved to such a. degree that · individuals so afflicted 
are able to live essentially normal lives with a minimal 
psychologic or cosmetic defect. The concept of the 
team approach to treatment~ which encompasses both medical 
and paramedical disciplines~ as well as speech therapy, 
has created an environment conducive to the solution of 
the problems of the cleft child. 
Although numerous investigations of the etiology 
and pathogenesis of cleft lip and cleft pal~te have been 
. . ./ 
reported~ considerable disagreement . persists 
\ 
) 
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As early as the 18th century, attention was given to 
the fact that heredity may be a prime factor causing , J~ 
cleft lip and cleft palate. Today, the general 
scientific consensus is that an hereditary disposition 
is an essential consideration. The primary problem 
which arises fro~ this agreement ~is whether only a. few, 
0 0 0 
most, or perhaps all cleft palate cleft lip defects are 
hereditary in nature; if they are so considered, what is 
the manner of inheritance? Of the number of studies 
made, only a few have adequate statistical sampling. 
Various modes of inheritance were proposed ranging from 
simple recessivity to dominance with varying deg~ees of 
penetrance. Furthermore, since a large percentage of 
cleft lip with or without cleft palate patients do not 
demonstrate any simple Mendelian pattern of inheritance, 
many investigators believe that this type of congenital 
cleft may result from a complicated interaction between 
multiple genetic predispositions (polygenetic factors) 
and various ill-defined environmental factors. 
0 
Stern1 
summarized wha.:t might be considered the present· status 
concerning the etiology of cleft lip and cleft palate 
by stating that no phenotypic trait is independent of 
either heredi t oary or environmental agents·, and an attempt 
to divide into two fractions, the inter-relation of two 
-3-
ag _ nt~) neit' er of wh: ch alone can produce a phe notype , 
s log t cal l y impossible . 
Dur : n the la s t five years, the b · oc nc ... ... ca 1 approa ch 
to the study of inherited diseases such : the he: o-
6 lob inopathies) ha: helped to pre c isely ident· ry ~he 
a ffe cted gene being carr ied by an i 1dividual af well a~ 
the members of h: s fam ·ly . An excellent e~arrple of sue~ 
genet: c identifi cction is found in th disease of sick l e 
cell ane : a. The heterozygous !I ca rriere'' of the re ce .... ive 
oenes causing ~nis disease ao r.ot disp l ay any c_:l i ca l 
pa tholog ·c sym· toms . These individuals may ) ho ever) be 
identif:ea oy the fact that the:r red b lood cel ls · 11 
sho b "zarre shapes under tne i nfluence of reat ly 
reauced oxygen tension . The her. o lobin present :n t .e 
s :cK_ed red blood cell& are luo ele ctro ·horet ·celly 
ab norn al . l]:hu ..... , even the non - d:seas eci) but ·ene 
cc:rr:er ind:viduals , r:.ay oe ident.:.f · ec by the appl · cat· on 
o~ the corre c t c r: ~er:a ) red ced o~rgen ten .... :on and 
e l c t ropnor~si B . Thee c a rr~er cond "tion .... , therefore) 
co .- d be v:e ved as inco plete r.an · ~estations or 
11 
:-a: c ro for- f: 11 of the d · · 1 1 · 
- sea ~ e .... _ cK e ce _ a n~mla . 
soph·· st · ca ted appr oa c . to the c tud of pro · e 1~~ .... 
{i 1J. • c. . 
c.: .. - p· la (., : · . t o e i · . d: v · "ua 1 .... 
-41.:. -. 
the disease for one reason or ~nother. The reason 
for this approach stems from a fundamental principle 
of population genetics: most children affected by a 
relatively rare genetic disease (particularly recessive 
diseases) are born of normal, but "carrier", parents. 
The importance of identifying "unaffected 11 parents 
carrying the cleft lip-cle~t palate genes becomes 
obvious. 
In the case of cleft lip and cleft palate, there 
are various difficulties in determining a clear genetic 
hypothesis. Well documented laboratory studies have 
demonstrated that clefts can be induc~d in animals by 
changes in environmental factors and by the a·dministration 
of teratogenic agents. Therefore, in some instances, the 
strong possibility exists that eyogenous factors may be 
etiologic. In studies of families . with an apparent 
genetic basis for the anomaly, the problem of complete 
and accurate records is a majo~ one. Information obtained 
from vital records, such as birth and hospital records, is 
invariably neither complete nor accurate in detail. The 
value of the hospital record is ~ependent upon the intere~t 
and skill of the person who completed the source document. 
Family anamneses may also be of little value since the 
information given may often be inaccurate or completely 
) 
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false. Finally) the families which display a definite 
genetic tendency do not appear tp follow a specif i c 
mode of inheritance. One possible reason for this is 
the effect that environmental and other genetic fact~rs 
may have on the penetrance .and expressivity of the gene. 
Thi s ter~~ penetranceJ refers to the presence or absence 
of the phenic trait for the given gene. In the case of 
cleft lip and cleft palate) the concept of penetrance is 
one which attempts to bridge the discrepancy between 
theoretical expectation on the basis of a genetic hypothesis 
and actual observation. This concept of penetranceJ there-
fore) does not solve the problem) but rather poses it. 
Microforms or incomplete manifestations may then 
result from either or both of two conditions: (1) the 
incomplete penetrance (.or action) of the gene may be 
represented as minor anatomical discrepancies in the 
area of the lip and palate as a result of modification 
of the gene action due to environment or other gen~s 
present in the genome (haploid set of chromosomes) or) 
(2) these conditions may be the result of a heterozygous 
-
condition in which an individual may display minor ana-
tomical discrepancies and at the same time be a · "carrier" 
of the gene for cleft lip and c.left palate. In this 
case the problem is one of gene dosage. Therefore) the 
J 
J 
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purpose of this study is an attempt to ·identify a. 
number of possible 11 microforms 11 and clarify their role 
in determining a manner of inheritance. 
) 
REVIEW OF THE LITERATURE 
-7-
Due to the complexity of the problem of cleft 
lip and palate) the author decided that an examination 
of the literature in the following areas should be 
included in the scope of thi s thesis: (1) Embryologic 
development of the lip and palate; (2) Classification 
of the cleft lip and palate; (3) Epidemiological findings; 
(4) Proposed et~ology of cleft lip and palate; (5) 
Associated anomalies noted wi th cleft lip and palate 
and (6) Proposed risk figu~es noted for reoccurrence of 
cleft lip and cleft palate. 
I. Recent Embryologi cal Studi es 
Development of the face and oral cavity begins 
during the second month of intra-uterine life. 2 In 
\ 
the differentiat i on of the face all three primary 
germ layers are i nvolved. However) the ectodermal and 
mesodermal layers are the major components in the 
development of the l i p and palate. The ectodermal 
layer gives rise to the epi dermi q and its associated 
structures (ha i rJ sebaceous and sweat glands); Intra-
oral l y) the epithelium) teethJ and taste buds of the 
tongue are also derived from the ectoderm. 2-5 Mesen-
chyme or embryonic connective tissue) which is of 
mesodermal origin) plays a determining role in the 
development of the lip and primary palate. 2-5 
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After two or three weeks of embryonic development~ 
several noticeable changes occur in the area of the 
embryonic face. 2 These changes can be grouped into two 
phases, the first of which concerns the foundation and 
preparation for the formation of the face. Initially, 
this includes the communication of the oral cavity with 
the foregut and the formation of the nasal ducts. In 
the terminal · stages of this phase, the nasal and oral 
cavities are not separate entities but occupy one area. 
The development of the tongue has also occurred. In 
the second phase~ the separation of the nasal and oral 
cavities . occu;s. 2 This separation is due to the 
development of the secondary palate. 
Early development 
The early development of the face ·begins at approxi-
. 2-
mately 21-28 days in utero. .5 At this time the greater 
part of the face consists -of a rounded prominence formed 
by the prosencephalon (forebrain). On the surface of 
this rounded prominence is a deep horizontal groove which 
will eventually become the stomodeum or the potential 
oral cavity. This depressed area is surrounded caudally 
by the mandibular arch, laterally by the maxillary 
processes~ and cephalically by the frontonasal process . . 
This stomodeal depression gradually deepens until its 
I 
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floor makes contact with the endodeum of the foregut. 
Upon contact of the stomodeal ectoderm with the foregut 
endoderm a two layer epithelial membrane is formed: the 
buccopharyngeal membrane. Communication between the 
foregut and stomodeum occurs during the fourth week when 
the buccopharyngeal membranes rupture. 2-5 
The structures which surround the stomodeum are 
essentially the primordia from which the face is derived. 
These structures include the two mandibular proces~es, 
which unite early, the two maxillary processes, the lateral 
nasal processes, and the median nasal process. 2 The 
mandibular and maxillary processes are derived from the 
first branchial arch, whereaG : the two 'lateral nasal 
processes and the median nasal process, collectively 
designated the frontonasal processJ originate from the 
forebrain. 2 
During the fourth week, the first significant change 
in the pattern of the face results from further develop-
ment of the frontonasal process and its division into 
the ~edian nasal and two lateral nasal processes. The 
lateral nasal and maxillary processes) which are adjacent 
to each other, are separated by a shallow groove (nasomax-
illary groove). At this time, the stomodeum and nasal 
pits deepen and become more easily distinguishable. 
I 
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Prior to the formation of the primary palate the 
median nasal process lags in its growth~ thus allowing 
for the development of the globular processes. These 
procssses represent a lateral rounding off of the 
lagging median nasal process. Therefore, differential 
growth of the lateral nasal, median nasal~ and maxillary 
processes allov.; them to··.unite in the basic facial pattern. 
Robinson2 stated that the changes occurring in 
development of the middle face are due only in part to 
union of primarily separated processes. rn· most instances 
these processes are primarily united but ~re apparently 
separated by shallow grooves or pits; for this reason~ 
he attributes most of . the changes commonly considered as 
''fusions 11 to decreasing depth and disappearance of grooves 
or pits. 
Development of the primary palate 
Th~re are two basic theories concerning the develop-
ment of the primary palate -- the classical theory and 
the t .heory of mesodermal penetration. 
The classical theory is based primarily upon the 
investigations of Dursy6. and His 7 in 1869 and 1874J res-
pectively. They maintained that there are five major 
trprocesses"J or as Stark8 described them, "peninsular 
masses of ectoderm and mesoderm" which develop about the 
J 
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rim of the invaginated stomodeum. 
His7 outlined the formation of the middle face 
as follows: 
[The) midportion [Of the faciD is occupied 
by the oral cavity which is remarkably wide 
and angular. The ventral border is formed 
by the two maxillary processes. Above the 
mouth, the large expanse of the frontal 
process is found. Two clefts originate 
from the mouth on each side and end as 
blind pits. The first of these is the 
nasal cleft, which runs up into the frontal 
process and the maxillary process and 
terminates at the lens placode to become 
the naso-optic furrow. The lens of the 
eye develops from the lens placode. The 
naso-optic furrow remains open for some 
timeJ but eventually closes to form the 
nasolacrimal duct. These processes growJ 
meet and fuse. As a result of ~hese fusions . 
the nostrils) upper lip, and mandible are 
formed. 
Embryologists continued to accept the classical 
theory until the early 20th century. ThenJ Pohlman) 9 
in 19lOJ concluded from his investigations that the 
concept of fusion of the ~acial processes did not 
apply to the center of the face. More recent human 
10 8Jll 
embryologic studies by Veau and Politzer, Stark, 
and Tondury12 strengthen Pohlman's concept of facial 
development and led to formation of the mesodermal pro-
l iferat i on ccincept. 
The concept proposed by these men eliminates the 
recognition of indi vidual facial processes. Instead, 
t hey recognized facial furroHs which represent t;roovcs 
) 
' .~ 
-12-
between the mesodermal masses underlying · the ectoderm 
of the middle face. During the fifth and sixth week of 
intrauterine life the middle f~ce is formed by differential 
growth mesenchyme and not by fusion of the facial pro-
cesses (Figure 1). Stark11 commented that the only 
place epithelial fusion normally occurs in the central 
face is at the lower border of the nasal pit. Further-
more, he noted that the concept of mesodermal prolifera-
tion and penetration applieo only to the formation of 
the primary palate (lip, premaxilla, and alveolar pro-
cess). 
Today, most embryologists theorize that the 
development of the primary palate is accomplished 
2, 8-12 by the mechanism of mesodermal penetration. 
The tissue directly beneath the nasal pits but 
superior to the oral cavity represents the median 
nasal, lateral nasal, and maxillary processes which 
have reoriented and primarily united themselves near 
~h .dl; 11 t th 0 e ml lne. This primary union represen s e po-
tential primary palate - the anlagen of the lip, pre-
maxi lla, and lower portion of the nose. In addition, 
this primary union reduces the size of the external 
opening of the nasal pits and converts them into blind 
ending sacs. Following the primary union of the facial 
J 
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processes and the conversion of the nasal pits 
into blind ending sacs, the ectoderm between the 
nasal pits and oral cavity thickens and forms an 
epithelial wall. During this time of epithelial 
thickening, mesodermal penetration occurs and stabi-
lizes the epithelial un{on of t~e facial processes. 11 
However, at the blind end of the nasal pit, the 
epithelium becomes extremely narrow due to the dif-
ferential growth occurring in the nasal pit area. 
Therefore, mesodermal penetration does not occur here 
and a nasobuccal membrane is formed. 
Robinson2 points out that during this period of 
differential growth. and mesodermal penetration a change 
in the topographic relation of the nasal sac simultaneous-
ly occurs. This reorientation allows the nasobuccal 
membrane to separate the primitive oral cavity from the 
nasal sac. When this membrane ruptures, the nasal sac 
becomes a nasal duct leading from the nostril to the 
oral cavity, or as it is more commonly known, the primary 
choana (Figure 1). The mass of remaining tissue between 
the primitive nasal and oral cavities is the developing 
primary palate which becomes upper lip, · premaxilla, and 
anterior alveolar process. Its integrity is established 
by six weeks of age. 
-14-
Development of the secondary palate 
Once the formation of the primary palate is com-
pleteJ the development of the secondary palate be-
2-11 gins. The oral cavity at this time has an . incompleteJ 
horseshoe shaped roof which is formed anteriorly by the 
primary palate and laterally by the oral surface of the 
maxillary process. On the medial edge of the maxillary 
process two shelf-like structures are present. These 
structures represent the palatal processes which eventually 
grow downward and inv.rard. These processes are blocked 
medially by the tongue which fills the oral cavity and 
has its dorsal surface resting against the inferior border 
of the nasal septum. HoweverJ through differential 
growth of the mandibleJ the tongue repositions itself 
dovmwa.rd and forward to allow for reorientation of the 
palatal processes. This reorientation encompasses the 
changing of the palatal shelves from a vertical to a. 
hor i zontal position. They then fuse with each other and 
the nasal septum to form the secondary palate. 
13 PeterJ in 1924J reviewed the embryology of the 
secondary palate in mammals and noted that the secondary 
palate was derived fro~ two shelf-like projections which 
originated in the dorsolateral wall of the oral cavity. 
These projections extended downward and alongside the 
-15-
tongue. When the shelves were eventu~lly positioned 
dorsal (abov~) to the tongue~ fusion occurred and the 
united halves formed the roof of the mouth. This fusion 
occurred first anteriorly behind the premaxilla~ and 
progressed posteriorly to form the soft palate and uvula 
last. 
I 
,. 14 Lazzaro~ in 1940~ described various possible 
mechanisms to explain the sudden reorientation of the 
palate shelves. These were: (1) external forces such 
as muscular pressure by the tongue~ (2) growth changes 
involving regression of the ventral portion and an out-
growth in the horizontal plane~ and (3) a rapid rotation 
of the shelves due to some intrinsic force. Lazzaro~ 
in his own work~ favored the concept of rapid movement, 
and illustrated various cases of mammalian embryos with 
one shel~ vertical and the other shelf horizontal as 
patterns of a rapid _ trans~tional stage in shelf rotation. 
He also noted a swelling in the shelves which he believed 
was due to ?n increase in intercellular substance of the 
embryonic connective tissue. In conclusion, La z z a r o 
a c ~no lledged t hat release of the tongue's resistance must' ~ 
occur before the palatal shelves could tterect 11 or reorien-
tate themselves. The proposed mechanisms of tongue move-
ment were: (1) a lowering of the tongue and mandible, 
-16-
(2) a forward displacement of the tongue) (3) a lifting 
of the roof of the oral cavityJ (4) changes in form of 
the tongue due to muscular development) and (5) muscular 
movements of the tongue. 
Walker and Fraser15 demonstrated) both in fixed 
and in ' living mice embryosJ a rapid movement of the 
palatal shelves from a vertical position lateral to the 
tongue to a horizontal position above the tongue. The 
change from a vertical to horizontal position appeared to 
start posteriorly by a bulging of the medial ~all ~n and 
over the tongue and an accompanying retracti'on of the ven-
tral portion of the shelf. This movement proceeded in a. 
wavelike manner . anteriorly until the whole shelf came to 
lie dorsal to the tongue. Force within the shelves 
appeared to be an important factor which at a given 
time allowed the palatal shelves to overcome the resistance 
of the tongue. There did ··not seem to be any active growth 
involved) but rather a sudden reorientation. In some 
instances) the wave of closure passed along one shelf 
more rapidly than the other) thus giving rise to the 
condition of one shelf being horizontal witb the other 
st i ll vertical. It wa..s also observed that the general 
positicin of the tongue remained constant and that only 
its shape changed in response to the change in shelf 
-17-
position. The side of the tongue adjacent to the · vertical 
shelf was thick and compressed laterally) whereas the 
p9rt of the tongue ventral to the horizontal shelf was 
more extended laterally and consequently not as thick. 
Evidence was a~so presented by these authors explaining 
the means by which the palatal shelves moved. The 
force for this supposedly was derived from a network of 
elastic fibers in the connective tissue of the shelves. 
s ·s Stark, in 195 J did not find any elastic fibers 
in his preparations of human embryo specimens. 
Robinson~ stated that the transposition of the 
palatal . shelves occurs only when the tongue has moved 
down and thereby created a space between these processes. 
It has been proposed that the tongue movement is made 
possible by a sudden growth of the mandibular arch, both 
in width and length. 
The results of a study involving the development 
of the palate in albino rats by Zeiler and associates16 
generally agree with that of Walker and Fraser. 15 
H Z .1 16 oweverJ el er found that the mandible did undergo 
a differential growth spurt prior to the ti~e of palatal 
closure an·d fusion. A species difference noted was that 
in the mouse the medial margins of the ~helves were almost 
straight and parallel, whereas in the albino rat the 
-18-
shelves had a sinuous outline. 
In considering the normal embryology of the lip 
and palate a relatiye time sequence of development must 
be considered. It is universally believed that the forma-
tion of the lip precedes the closure of the secondary 
palate. 
VeauJ 17 in 1934J examined 143 sections· of normal 
human embryos and noted that the lip was fully developed 
by the seventh week. AreyJ 4 PattenJ5 BhaskarJ3 Robinson2 
and Sta~kJSJll agreed with this conclusion (Figure 2) . 
. MillenJ 18 in compiling a ti~etable of human develop-
ment) suggested that all facial clefts close between 56 
and 77 days after ovulation (Table I). 
FultonJ 19 in a study of 88'human embryos found that 
the secondary palate fused at about the seventh week of 
the ovulation age or the ninth week following menstruation. 
\·Joo20 and Kraus 21 in studying a series of 84 and 
151 human embryos and fetuses) respectively) ·round that 
after palatal fusion the structural interrelationships of 
Lhe bony palate did not remain fixed throughout the pre-
na~al period of growth. Kraus 21 described eight morpho-
logic stages of development during which the bony palate 
reached its normal characteristic human proportions. He 
also concluded from various measurements) thatJ ~fter fusion) 
) 
-19-
the palate grew by a rigidly controlled and highly com-
plex pattern of differential growth. 
Pathogenesis of cleft lip and palate 
According to the classical view proposed by His7 
and Dursy,~ cleft lip is a congenital malformation 
brought about by the failure of the embryo's normal 
m_orpholo'gical clefts to close. Therefore, failure of 
the facial processes (median, globular, and fronto-
nasal) to grow, meet, and fuse can be considered the 
result o·f a developmental arrest. 
Veau16 and Fleishmann22 completely disagreed with 
this idea. Their concept of the pathogenesis of cleft 
lip was that mesoderm failed to invade the ·potential 
cleft areas and support the delicate ~pithelial wall. 
This eventually led to the appearance of clefts of the 
upper lip · and premaxilla, since the epithelial wall 
thinned out and pulled apart either· partially or com-
pletely. The basis for this theory depended upon the 
clinical appearance of a web-like (Simonart•s) band 
16 
_ vJ'nich frequently bridges the cleft area. Veau be-
lieved that these bands represented the deg~nerating 
remnant o~ the· epithelial wall penetrated incompletely 
by mesoderm. 
Mauer and Hoepke23 supported a modified form of 
the classical concept .. They believed that mesodermal 
J 
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penetration was an attempt to repair the existing cleft 
condition and not a normal developmental process. 
Stark, 11 in a histologic study of five human embryos 
with cleft lip and cleft palate, found that the volume 
of mesoderm -appearing in the area adjacent to the cleft 
was diminished or absent. He also theorized that the lip 
and premaxilla existed in their early forms as a single 
epithelial wall; within this wall of epithelium three 
masses of mesoderm were present. 
The ratio_of mesodermal and epithelial vqlume on 
the normal side of the primary palate would be 1:1. The 
finding of Simonart•s bands or tr~ir remnants might 
suggest that if one mass of mesoderm were absent, the 
epithelium will pull apart and a cleft vfill result. The 
location of the cleft was thus dependent upon whether the 
missing mass was lateral or medial. If both lateral 
masses were missing a bilateral cleft of the lip occurred. 
From this study, Stark~ 1. also cone luded ... that variance in 
mesodermal volume, even though no c=!-eft resulted, may be 
the cause of some functional defects seen clinically.' 
Since the embryology of the hard and so~t palate has 
been more cbmpl~tely studied, there is agree~ent among 
investigators that cleft palate arises from a lack of 
the palatal processes to coalesce. 
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Stark11 noted in his cleft lip and palate embryos 
that even though the palatal cleft was present~ the . ~ 
mesodermal volume in the· region of the hard and Boft 
palate was in a ratio of 1:1. He was of the opinion 
that this finding suggested and strengthen?d the 
"classical" theory of the fusior.. of .the palatal pro-
cesses. 
In discussing the · possible genetic and environ-
mental factors invdlved in the etiology of cleft lip 
and palate~ Fraser24 postulated a number oi possible 
events which may lead to the pathogenesis of the cleft 
palate:. 
(1) An interference with the ~uild up of the 
shelf force may d~lay ~h~lf movement sufficiently such 
that when the shelves reach the horizontal position, the 
head is too wide to allaH contact of the shelves and 
the palate remains cleft. Fraser and his associates 
noted that in mice the cleft palates induced by maternal 
treatment with cortisone appeared to arise in this v1a.y. 
(2) Palatal shelves that are too narrow to meet and 
ruse. p·~ h26 t d ~ l~c repor e a recessive gene in .a strain 
of mice which bauses the palatal shelves to be too 
narrow even when they reach the horizontal position 
at the proper time. 
(3) Excessive resistance of the tongue may also 
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delay shelf movement and thereby produced a cleft 
27 palate. Walker produced cleft palate in mice by 
puncturing the amniotic sac of a : ~use embryo just 
before normal palate closure. Fraser's explanation of 
this result was that the loss of the amniotic fluid 
caused a compression of the mandible against the chest 
wall. The tongue~ in tur n; was forced up between the 
palatal shelves, thereby delaying shelf movement. 
(4) Excessive width of the head at the precise 
time when the palatal shelves fuse. Stark8 believed that 
this factor may be an explanation for the reportedly high 
incidence of isolated cleft palate in patients with 
oxycephaly (a condition in which the skull is short and 
extremely wide due to the craniosynostosis of the coronal 
sutu re) . 
In a microscopic study of tissue sections, Avery and 
' . . t 28 t . d . . , b . nl s assocla. es no lee ln var pus numan em ryos, ranglng 
i n a g e from seven to 10 weeKs prenatally, that the palate 
d i s played considerable variation in structure between the 
norma l and cleft l i p and cleft palate embryos. The cause 
of abnormal palatal !ormation in the cleft em~ryos seemed 
to be defective cartilage development. 
It ha-s been propo·sed by numerous authors that, be-
cause of the sequential timing of lip development and 
) 
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palatal qlosure~ any disturbance of growth producing 
cleft lip could also affect the development of the palate. 
Furthermore) any disturbance of growth in the p~late cannot 
. 2-5 8 11 29 
affect the lip. ~ ~ Fogh-Andersen has presented data 
supporting this conjecture on the basis that in the case 
of cleft lip associated with cleft palate) both the right 
and the left cleft lip appeared less frequently than the 
bilateral cleft lip. Fogh-Andersen29 theorized that since 
double harelip is more frequently combined with cleft 
palate than the single~ it might to a certain extent be 
explained by assuming .that cleft lip is the primary 
anomaly of development and cleft palate an associated 
secondary maiformation. 
II. Morpqologic Classification of Cleft 
Lip and Palate 
In describing the affliction of cleft lip and 
cleft palate~ it is necessary to enumerate the anatomic 
variations which are seen in this malformation. The 
problem is not one of the cleft being present but one 
of description and classification. A wide variety of 
classifications are used by various autho~sJ making 
comparisons among their data quite difficult if not 
: mpossible. It is evident that a continuum of clefts 
may be observed ranging from the slightest notching of 
the lip to the gross defect of a bilateral complete 
) 
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cleft of lip and palate. If uniform class i f i cations 
are not employed then it wi ll obviously be impossible 
for various authors to do more than state results of 
their own study~ omitting wider implications and failing 
to obta i n independent confirmation by other investigators. 
Davis and Ritchie~30 in . l922, proposed an anatomic 
class~ fication which used the alveolar process as the divid-
ing line between clefts of the lip and palate. Thus, 
prealveolar clefts were assig ned to Group I.; post-alveolar 
clefts to Group II., and complete alveolar clefts to 
Group III .. Furthermore, Group I. and III. were subdivided 
into unilateral, bilateral~ and median clefts. Group 
II. clefts were subd i v i de d accordi ng to invol~ement of 
the soft palate plus hard palate or soft palate only. 
Davis and Ritchie 30 recognized that their classifica-
t i on excluded clefts of the palate and alveolus with a 
normal lip. Therefore, they suggested that all these 
should be grouped as post alveolar clefts. Upon presenta~ · 
tion of this classificat i on Davis and Ritchie30 stressed 
i ts l i mitations and suggested that in some cases a com-
plete anatomi c descript i on of the deformity must supple-
ment the proposed class i f i cat i on. 
Sherman,3l in analyzing Davis and Ritchie's classi-
ficat i on, utilized four groups which included clefts of 
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the lip without a concomitant palatal cleft. 
Brophy~32 in 1923~ prepared a classification 
which included all the anatomic forms of cleft lip 
and palate. This classification consisted of 15 
groups of· which nine included clefts of the lip alone. 
Brophy felt that every muscle and bone involved in the 
deformity should be considered. 
Veau~33 in 1931~ utili~ed a classification for four 
groups. Clefts of the lip alone were not included in 
this classification: Group I.~ clefts of the soft 
palate; Group II.~ clefts of the hard palate; Group III.~ 
complete unilateral clefts of lip~ ~lveolus~ and palate; 
and Group IV.~ ·bilateral clefts of the lip~ alveolus~ 
and palate. 
Dorrance34 proposed that only a verbal description 
of the severity and extensiveness of the cleft and not a 
numerical grouping was justifiable in classifying facial 
clefts. 
In an hereditary study of cleft lip and palate 
Fogh-Andersen29 emphasized the error of trying to 
correlate a phenotypic descriptior based on .a genetic 
hypothesis with a proposed surgical classification. Since 
a great number of the cases accumulated and grouped 
had undergone previous surgery, it was difficult or even 
-26-
impossible to.get the exact information on the original 
characteristics of the cleft. Therefore, for genetic 
purposes the following phenotypes were recognized: cleft 
lip, cleft lip associated with cleft palate, and 
isolated cleft palate. 
A longitudinal growth study 6f 350 newborn infants 
~ith cleft lip or cleft palate was published by Pruzansky35 
in 1953. Cephalometric and laminographic radiographs 
along with study casts of the face and jaws, were used 
to classify the sample. Tabulated categories were based 
on the embryology, and physiology of the facial cleft. 
These categories i ncluded: (1) clefts involving the 
lip alone, (2) clefts involving the lip and palate, (3) 
those with the palate alone affected, and (4) congenitally 
short or insufficient palates. 
-
Pruzans~J35 brought attention to the fact that he 
did not mention the alveolar process in his classification. 
He felt that by noting the extent to which the lip was 
in~o lved, it was poss i ble to accurately predict the 
e xtent of the cleft i n the alveolar process. Although he 
ac knowledged a di rect relationship did exist between the 
extent of the defect in the lip and alveolar process 
he f ound it impossible to predict from the examination 
of the lip whether the palate itself was involved. This 
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finding can be explained by the temporally separate 
embryologic development of the primary and secondary 
palates. In the case of cleft lip with a cleft palate 
various degrees ·of incompleteness of the cleft in the 
lip and palate existed. Since a wide variation existed 
in this category) Pruzansky pointed out the necessity 
to use a supplemental anatomical description of the 
cleft in question. 
- 36 8 Kernahan and Stark) in 195 J suggested a 
classification dependent upon clinical findings and 
embryologic development. In this classification) the 
incisive foramen and not the alveolus was used as the 
dividing line between the different groups of facial 
deformities. The rationale behind this was based on 
the fact that the incisive foramen was the junctional 
.... 
point of development between the primary and second-
ary palate. 
i\1otivated by the variance in the anatomy and 
severity of facial clefts) the nomenclature committee 
of the American Association for Cleft Palate Rehabili-
tationJ in 1962 suggested a precise and complete 
classification for these clefts. 37 
The classification of maxill~ry cleft lip and 
palate was divided in two sections) the prepalate and 
J 
I 
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the palate. The prepalate) in turn) was divided into 
the lip and alveolar process up to the incisive 
foramen; the palate into the soft palate and the hard 
palate up to the incisive foramen. Under each of 
these subheadings provisions were made for location 
and extent as well as width of the cleft. Spec i fic 
modi fications were also noted; these included such 
factors as palatal attachment to the vomer) rotation 
and protrusion of the prepalate~ submucous clefts) and 
congenital scarring of the lip. They also proposed 
that this classification vfould minimize any communica-
tion difficulties in describing clinical defects in 
terms of the involved parts of the cleft in quest i on. 
III. Epidemiologic Study .of Cleft Lip and Palate 
Frequency in the population 
r 
A wide range in occurrence of cleft lip and 
cleft palate has appeared in results of different 
investigations reported d~ring the past 40 years. 
In one of the first systematic studies to deter-
"8 
mi ne the frequency of congenital clefts~ Davis)J in 
1924 ) pointed out that one could not determine the 
incidence of congenital clefts from su~gical records 
alone~ since many of the children died at birth or 
were stillborn. 
) 
) 
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After an exhaustive study of archives and past 
39 histories) Sanders) in 1934) noted that in the 
previous 40 years the prevalence of cleft lip and 
, cleft palate had apparently increased. He bel i eved 
that this apparent increase was due to a decrease in 
the number of childhood deaths which in turn would 
allow more of the affected children to marry and produce 
chi ldren who might also be affected. Krantz and 
40 41 Henderson) Hixon) 
and McKeownJ 43 IvyJ 44 
Gentry and associates~2 MacMahon 
and Fogh-AndersenJ 29J 45 corro-
borated this finding in their investigations by noting 
a s i milar increase in the occurrence of this condition 
over the past two decades. 29 . Fogh-Andersen believed 
that a study of birth registers as well as case records 
v-1as necessary to -determine the ''natal frequency. 11 
I n discuss i ng the reasons for increase in 
fre quency of congeni tal clefts) Fogh-Andersen45 
suggested that the most l~kely explanat~on was that an 
i ncreas i ng proportion of the population is obtaining 
surgi cal treatment for 'clefts. If one assumes a gene-
ti c bas i s for cleft i ngJ ·mproved plastic surgery and 
rehab i litat i on methods would enable mo~e persons 
affected with clefts to marry) reproduce) and hence 
expand the clefting genotype. 
I 
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In reviewing the literature concerning the 
l~6 
epidemiology of congenital clefts, Greene, in 
1963, emphasized that the number of cases of cleft 
lip and palate reported in the United States or any 
other country was actually an estimate based on iso-
lated bits of information. This information was derived 
from various sources such as vital statistics, crippled 
children's registers, and hospital records. However, 
reports from a number of more complete studies pro-
vided some basis for speculating about the cleft lip 
and Pala~e 1 . th U ·t d St t 44,48,52,57,73 _ v preva ence ln e nl e a es. 
Furthermore, the data from these studies provi~ed . an 
es timate of 1.3 cleft births for every 1,000 live 
births. In using this gross estimate together with a 
bi rth rate of 24.1 per 1,000 per year and the 1960 
population figure of 179.3 million from the U. S. Bureau 
of the Census, Greene46 estimated that nearly 6,000 
new l i p and palatal cleft ... s births occurred each year 
in the United States. 
Considerable variation has been noted in morbidity 
rates. Sanders39 found that 8.3 percent of the affected 
chi ldren died withi n the first year; of these 3.5 per-
cent were stillborn. 29 On the other hand, Fogh-Andersen 
found that nine percent of the affected children were 
J 
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st i llborn and that 12 percent died within the first 
10 days. Vander Woude's 47 study showed that eight 
percent of the affected children died within the first 
48 
month. Loretz, Westmoreland, and Richards noted 
that 15. 5 percent of the affected children died within 
the first six months. 
Greene 46 claimed that variation in the data may be 
explained by the apparent increase in case sources, 
completeness of case findings, criteria for selecting 
cases, sample size, and decreased perinatal mortality. 
Distribution of cases by sex and type of cleft 
The distribution of cases by sex and by the type 
of cleft has been recorded in a number of studies. 
In examining the histor i es of cases accumulated 
over a period of 60 years, Haug, 49 in 1904, commented 
on the incidence of facial clefts in relation to the 
sex of the individual. He found that cleft lip and 
palate occurred twice as often in males. This 2:1 
rat i o was also noted in the investigations of Birkenfeld, 50 
1926; Sander~; 39 1934; Fortyn,51 1936; Grace,52 1942; 
and Loretz, 48 1961. 
Birkenfeld50 reported a 1:1:2 ratio in the fre-
quency of clift lip) isolated cleft palate, and cleft 
l i p with cleft palate, respectively. These figures were 
) 
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not related to sex. 29 In 1942, Fogh-Andersen observed 
the same ratio of occurrence of these morphologic types. 
In contrast, the data accumulated oy Fraser and 
Baxter, 53 ~1azahe~i, 54 l\1acMahon and McKeown, 43 and 
Fraser and Calnan55 did not completely agree with the 
1:1:2 ratio. Fraser and Baxter, 53 and Mazaheri54 
found a very small ~umber of cases with isolated cleft 
43 lip, whereas, MacMahon and McKeown and Fraser and 
55 Calnan reported an unusually high proportion of iso-
lated cleft palate cases. No explanation was given for 
these diff~rences. 
59 Test and Falls studied a five generation pedigree 
and noted that their findings completely disagreed ,with 
the 1:1:2 ratio. In fact, the total affected off-
spring of the affected parents displayed a slight pre-
ponderance of females to males. 
In analyzing the prevalence , of each morphological 
cleft, Fogh-Andersen29 demonstrated that isolated cleft 
palate occurred more frequently among females. The 
, d.-· ~ u· 41 ~5 s-cu les O..L .n.lxon, . Fraser· and Calnan,./ Macl\1ahon and 
ncKeown, 43 Fraser and Baxter, 53 Mazaheri,54 ~oolf, Woolf, 
and Broadbent~56 Greene, Vermillion, Hoy, Gibbens, and 
Kerschbaum, 57 and Curtis58 agreed with this finding. 
It should be noted that in the most recent 
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·· ..
. 41_,43_,54-57 
stud1es_, the information regarding the . dis-
tribution of cases . by sex and type of cleft deformity_, 
regardless of ratio, tend to agree on several points: 
(1) cleft lip and cleft palate occur more frequently 
together than separately; (2) cle~ts of the lip with 
or without associated blefts of the palate are more 
common in the male than in the femal~; (3) isolated 
cleft palate is more. common in the female; and ( 4) 
.considering all morphologic clefts of the lip and 
I 
palate together_, males are.more frequently affected. 
Many investigators noticed a preponderance of 
49 . left-sided lip clefts. Haug 1 s mater1al showed a 
ratio of 2:1:1 for the occurrence of"the left_, right_, 
and bilateral clefts. The more severe cases were more 
common in the male. 
Davis38 discovered that the left-sided and bilater-
al cleft lip occurred with equal_frequency_, each being 
about twice as frequent as the right-sided cleft lip. 
In contract to Davis 1 s data_, Fogh-Andersen29 
~ound that the cleft lip appeared most · rrequently on 
the left side, secondly_, on the right side_, and least 
often bilaterally. In the case where cleft lip was 
associated with cleft palate, the lip cleft was like-
wise found more often on the left; however, either the 
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left or right cleft was associated with cleft palate 
less frequently than the bilateral cleft lip. The 
more severe cases of isolated cleft palate were found 
in females) whereas the more severe cases of cleft lip 
with or without cleft palate were found in males. 
Fraier and CalnanJ 55 Sesgin and _tarkJ 60 and Greene and 
his associates57 found this to be true in their investi-
gations. No satisfactory explanation for this phenomena 
has appeared in the literature. 
Inc i dence based on race 
There are only a few well-documented studies which 
mention the frequency of facial clefts according to race. 
DavisJ3S reported that only seven clefts were 
observed among 12)520 Negro births ( .55/1000 live births)) 
while duri ng the same period there were 17 cases among 
15)520 births of white children (1.06/1000 live births). 
GraceJ52 observed that 5.6 percent of the children 
born.in 1942 were Negroes) whereas) only 3.6 percent of 
those born with clefts were Negroes. It was also noted 
that the frequency of cleft lip with or without clSft 
palate was much greater in Caucasians. 
Ivy44 made a similar investigation in 1961 and 
found that one in 753 live white births was born with 
cleft lip and/or cleft palate. According to these 
J 
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f igures the frequency of cleft lip with or without 
cleft palate i s about five times g reater i n wh i te s than 
.:..n Ne c· roes. 
. 40 
Krantz and Henderson studied the frequency of 
cleft cases in relation to maternal ancestry. They noted 
that children of Filipino mothers who were a blend of 
the black~ brown~ yellow ~ and whi te races ha d a sign i -
f i cantly higher rate of clefting (3.5/1000 live births) 
than did children born to Caucasian mothers ( .5/1000 
live births). However~ th~se rates were estimated from 
a limited sample. 
Lutz and Moor61 reported on 303 cleft cases among 
births in the Los Angeles County General Hospital. By 
race~ the cleft case rates per 1~000 live births were: 
Cau casian 1.00; Me~ican 1.25; and Negro 0.71. 
62 Bender~ Coe~ Baakladt~ and Houle~ in 1956~ 
found that only one of 433 cleft lip and palate cases 
in their sample was that of the Negroid race. 
Loretz and his associates 48 found that the cleft-
i ng frequency in various races in Cal~fornia differed 
greatly. In 1955~ 6.9 percent of all births were Negroes, 
but only 3.5 percent of the children born with clefts 
were Negroes. 
Nee1~ 63 in 1958, made a study of congenital 
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defects in Japanese infants. The data which was 
acquired made it possibl~ to compare Caucasian, 
Negro, and Mongolian populations. It was demonstra ted 
that cleft lip and palate occurred more frequently in 
Japanese than in Caucasian populations, and more fre-
quently in Cauca~ian than in Negro populations. In 
the Japanese, cleft lip and palate appeared more fre-
quently in conjunction with other congenital ma.lforma-
tions than as a single defect. 
60 Sesgin and Stark, in 1961, discovered that the 
total number of congenital defects in their sample 
apparently was much greater in the white newborn babies 
(67 percent)as compared to the pigmented -newborn (33 
percent). Cleft lip and/or palate frequency was reported 
to be low in the Negro. 
64 
Tretsven studied the frequency of cleft lip and 
palate in Montana. Indians. He found that cleft lip and 
palate occurred twice as frequently in these Indians as 
i n the s firroundi ng Caucasian population. The incidence 
of c l efts was one to 276 live births. This high frequency 
was attributed to the large number of consanguineous 
marr i ages. On the other hand Greene and his associates57 
showed certain American Indian tribes to have a much 
lower rate (121/100,000), although these observations 
j 
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were based on a limited sample. 
In an epidemiological study of cleft lip and 
1 t • n t t G d h • • t 57 pa a e ln rour s a es J 'reene an lS assocla es 
noted that Negroes had the lowest incidence of facial 
clefts (1:1)821) and Japanese the highest (1:674). 
In a review of the literature by GreeneJ 46 it 
was stated that even though these studies concerning 
influence of racial factors in clefting were made on 
select populations) they strongly suggest that 
there are real differences in prevalence among tne 
rc.ces. However, these differences may be due to 
concomitant environmental influences rather than 
racial factors. 
Incidence based on parental age and birth rank 
Numerous reports have appeared in the literature 
botn denying and supporting an association of parental 
age and birth rank with the frequency of clefts. 
Ih Davis's38 investigations 54 percent of the 
births with congenital cl~fts were primipara. 
Grace, 52 1942 and Beder and associates, 62 1958J 
concluded that mothers between the ages of 19 and 24 
gave birth to more babies with clefts than did mothers 
f ~h 62 o Ov er age groups. Beder's conclusions were ques-
tioned by Greene 46 since the data presented was based 
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on counts of cases rather than on age-specific 
prevalence rates. 52 Grace'~ survey also disclosed 
that 41.6 percent of her sample of 250 were primiparous. 
In analyzing the relationship between parental 
aceJcleftsJ and the type of cleft, Fogh-Anders en29 
could find no significant relationship. He compared 
the mean age of the mothers of children with clefts 
witn the mean age of all Danish women who gave birth to 
a child in a single year. A similar procedure was 
followed v.rhen considering paternal age. No association 
was found between the occurrence of cleft lip a·nd/or 
palate and birth rank. 
65 McEvitt compared the age of parents of 282 in-
fants born with clefts with the parents of 7,927 
normal births. No relationship between parental age 
and frequency of cleft formation was noted. The rela-
tionship of birth rank to the incidence of these clefts 
was also found to be insignificant. 
A statistically significant relationship between 
cleft lip and palate with maternal age was reported by 
!'llacMahon and McKeown, 43 in 1953, and Woolf, Woolf, and 
Broadbent,56 in 1963. Interestingly: they also found 
f 
no relationship between isolated cleft palate and 
maternal age. AlsoJ no correlation was noted between 
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birth rank and cleft lip and/or palate frequency. 
Fraser and Calnan55 postulated that advanced 
maternal age in primipara may predisp9se to cleft lip 
in girls and cause a more severe combined cleft lip and 
palate in boys. An increase in paternal age was found 
to be associated with cleft lip and palate infants. 
It was suggested that paternal mutation in later life 
may be involved in the pathogenesis of this condition. 
The investigation of Peer~ Strean~ .Walker~ Bernhard 
66 
and Beck concluded that there was no relationship be-
n.,reen the frequency of clefts and parental age. However~ 
no supporting data was presented. 
5~· Mazaheri offered five observations regarding 
birth rank and parental age drawn from his data. They 
v..rere summarized as follows: ( 1) No significant rela-
tionship was discovered between differences in age of 
husband and wife and the frequency of birth of children 
wi th cleft lip and/or cleft palate~ as compared to 
normal childrenj (2) A signific~ntly increased pro-
bability for the birth of a child with cleft lip and/or 
palate with increasing age of the motherj (3) A 
significant relationship between birth rank and the 
probability of the birth of cleft lip and/or palate 
child. Cleft lip and/or palate children occurred more 
) 
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frequently in the later birth ranksJ and less often 
in the earliest birth. ranks than wbuld be expected by 
chance. (4) The first born of older mothers were 
cleft twice as frequently as were the first born of 
young mothers; (5) No comparable relationship was 
found between the age of fathers and the frequency of 
births of cleft lip and/or palate offspring. 
67 Rank and Thomson's investigation demonstrated a 
higher incid~nce of cleft lip an· ~/or palate babies born 
to older mothers. It was suggested that the effect of 
birth rank may be related to or altered by this factor. 
Loretz and his associates 48 and Phair68 learned 
that the percentage of infants with cleft lip and/or 
palate born to mothers 35 years of age and older was 
signifidantly higher than the percentage of children so 
affected born to mothers under 35 years of age. 
A comparison between the incidence of clefts of 
the lip and palate in families with children wit~ clefts 
and fami lies without clefts was made by Spriesterbach 
and his associates 69 in 1962. Intragroup differences 
i n the family history reports from these two groups 
were also investigated. From this intragroup investigation 
Spri esterbach found no significant relationship between 
the incidence of the cleft lip group) cleft lip and 
palate groupJ or the cleft palate group as to maternal 
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. age. 
64· Tretsven reported that 85 percent of the Montana 
J 
Indian babies born with clefts were within the three 
to five birth rank range) whereas the non-Indian babies 
were of the one to three birth rank range. The Indian 
mothers bearing these cleft children were also older 
than the mothers of the non-Indian infants with clefts. 
170 Eujino, Tanaka, and Sanui, in 1963, studied 
2s828 Japanese ·cases with clefts. His data showed a 
significantly higher number of cleft lip and palate 
births occurring in the family's fifth or later birth. 
Greene and his associates 57 demonstrated that a 
positive relationship existed between the advancing 
age of parents and the frequency of clefts, but birth 
order was not related to the occurrence of clefts. 
I nc i dence based on geogra phical distribut i on 
After an extensive review of the l i terature, 
t ne author has noted that very little informa tj_on is 
ava~ lable on the geographi c distr i bution of case~ of 
con~enital clefts. 
D . 38 avl s ex~mine d World War I draftee records and 
f ound a di fference in the fr equency of congeni tal 
c l ef ts around the country. Vermont was the highest with 
1. 55/1,000 and Arkansas the lowest with .16/1,000. 
} 
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These figures were not deemed conclusive since the 
data was based on place of residence ·and not necessarily 
place of birth. 
Fogh-AndersenJ 29 HixonJ 41 C~rtisJ58 and Curtis 
and Waiker71 found no correlation between geographical 
location and the frequency of congenital clefts. 
A study in Hawaii by Henderson72 reported 1.98 
cleft cases per lJOOO live births. This attack rateJ 
the highest reported in the Unit d StatesJ probably is 
influenced by Hawaii's mandatory reporting system which 
has been in effect since 1938. Kratz and Henderson40 
attributed a large portion of the excess of clefts in 
Hawaii to the high case rate among the Filipinos. 
Many investigators 44 J48 J52 J56 J57J73 in the 
United States have reported rates for their areaJ but 
lack of comparability prevents the formulation of 
meaningful conclusions. Since it has been demonstrated 
that the occurrence of cleft lip and/or palate in the 
three major racial stocks ·(CaucasionJ Negroid) anq 
I1ongoloid) is considerably different J ·any geographi-c 
study must necessarily take this important variable 
into account. 
Incidence based on seasonal distribution 
61 Lutz and Moor found that among 303 children 
) 
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with clefts · orn in Los Angeles between 1936 and 1951, 
more childr . . with clefts were born during June, July, 
and August than in any other quarter. The seasonal 
I 
distribution of normal births was not described. 
'/ 1~. 
S~evenson, Worcester and Rice reviewed obstetri-
cal records of mothers who gave birth to malformed 
infants ·in Boston between the years 1930 and J-941; 34 
of 677 malformed children had clefts. Most of these 
children were conceived in the first and fourth quarter. 
No explanation was given for this phenomena. 
Phair, 68 Fraser and Calnan, 55 Woolf, Woolf, and 
56 57 Broadbent, and Greene and his associates, found 
no unusual seasonal variation in the frequency of con-
genital clefts while the Japanes·e study of Fujino, 
Tanaka and Sanui70 noted that the percentages of subjects 
with cleft lip and palate were highest among those born 
in spring ( March to May) and lowe~t among those born 
in summer and fall. 
It should be apparent that any · study Qf seasonal 
di stribution of cleft is without meaning unless compared 
to the seasonal distribut i on of normal, live births of 
that same general population. 
IV. Congenital Anomalies Occurring ·with 
Cleft Lip and Palate 
In much of the current literature the anomaly of 
J 
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cleft lip and cleft palate was studied as part of a · 
group with many of the other congenital defects. 
Davis 38 and Birkenfeld50 found that 25 to 31.5 
percent of the cases had associated anomalies. These 
anomalies varied from neurological disturbances to 
defects of the extremities. Birkenfeld50 postul~ted 
that this occurrence of associated anomalies could be 
attributed to a possible coupling of the genes. 
29 Ten percent of the cases studi~d by Fogh-Andersen 
presented associated anomalies; however) he claimed that 
the "normal" frequency of these malformations hardly 
exceeded one percent. 
Sesgin and Stark60 also found a 10 percent 
frequency· of associated anomalies with cases of cleft 
lip and/or cleft palate. 
Curtis58 noticed that the significant number of 
associated anomalies that was found in both groups 
(isolated cleft palate and cleft lip with or without 
cleft palate) varied greatly. Fourteen per6ent of 
the cases with cleft lip and cleft palate had associated 
anomalies) whereas 32.9 percent of the cases with isolat-
ed cleft palate displayed associated anomalies. 
Curtis 58 felt that the associated anomalies such as 
mongolism and congenital heart disease were one part 
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of a generalized disturbance in development. 
In separating their cases into three categories, 
62 Beder and his associates found the following per-
centages with associated anomalies: cleft palate, 25 
percent; cleft lip and palate, 12 percent; and cleft 
lip, seven percent. 
43 A similar study by MacMahon and McKeown demon-
strated a 14.9 percent occurrence of associated anoma-
lies with cleft palate, 9.l ' percent association with 
cleft palate, and a 21 percent association with cleft lip 
and cleft palate. 
T, C 1·~ . t d b L t d h" · t 48 ne a l ornla s u y y ore z an lS assocla es 
indicated that of the 127 malformations associated with 
·Cleft lip and cleft palate 36 percent involved the 
skeletal system; 22 percent, the nervous system; 10 
percent, the genito-urinary system; five percent, the 
gastrointestinal system; three percent, the circulatory 
system; and 23 percent, other systems. 
63 In discussing cleft lip and cleft palate, Neel 
noted that th~ multiple defect involving the central 
nervous system occurred with cleft lip and/or cleft 
palate in 39 percent of the Japanese cases as to the 
13 percent found in Caucasians. Generally speaking, 
the preponderance of cleft lip and/or pal te in 
J 
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Japanese appeared greater in multiple malformations 
than as a single malformation. 
Fraser and Calnan, 55 Curtis and Walker, 71 and 
Greene and his associates 57 agreed with Curtis 1·ss 
study that associated anomalies appeared more frequent-
ly with isolated cleft palate than with tleft lip and 
cleft palate. 
0 
'71 
Curtis and Walker found that 18.4 
percent of the isolated cleft pala~es . displayed 
associated anomalies. Furthermore, Fraser and 
Calnan55 did not give a specific figure relating to 
the frequency of associated anomalies with isolated 
cleft palate; they did note that a large number of 
the associated anomalies present were the Pierre-
nobin syndrome~ 
In seeking a positive relationship between the 
occurrence of facial clefts and other selected con-
genital malformations, Greene and his associates57 
suggested that the published figures of nine to 21 · 
percent represents the minimum frequency with which 
clefts are actually associated with other congenital 
malformations. This suggestion was based on the fact 
that many developmental defects of the newborn are 
difficult to detect. 
A study of 60 aborted embryos and fetuses with 
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cleft lip and cleft palate by Kraus and his associates75 
determined that more than half (61.7 percent) had 
associated malformations. This was in strong contrast 
to the highest incidence of associated malformations 
(25-31.5 percent) as previously reported. 3B,50 
According to various investigations, 29,4B,57 
the more common anomalies are: syndactylism, spina 
bifida, clubfoot, polydactylism, congenital heart 
disease, mental retardation, malformed ears, and 
micrognathia.. 
V. Etiologic Factors 
Heredity 
Over the years much attention has been focused on 
the role of heredity in congenital malformations. Funda-
mentally, this·role has been investigated along three 
facets: pedigrees or histories of the anomaly in family 
groups, twin studies and mode of inheritance. 
Pedigrees of families with congenital clefts were 
studied as early as 1757. 76 Between the. years of 1794 
and 1865 a large amount of data concerning individual 
77-80 families with cleft formations was published. 
In more recent studies, familial occurrence in a 
great number of pedigrees demonstrated that congenital 
clefts could possibly be attributed to multiple genetic 
J 
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factors. Haug, 49 Davis, 38 and Rischbieth81 noted 
this. However, no attempt was made to discuss the 
manner of . inheritance. 
The pedigree studies of many investigators24 , 29, 
39,55,58,60,63,67,82-85 generally agreed that the 
manner of inheritance involved at least two main 
genetic complexes; that for cleft lip with or without 
cleft palate and isolated cleft palate. Some authors 
believed that the difference in sex distribution was 
a major factor in determining these genetic complexes.· 
Birkenfeld~0 found a preponderance of cises which dis-
played sex linkage. 
82-84 ' Schroder concluded that some of the pedigrees 
he studied displayed a combination of .recessiveness 
and sex-linkage. 
On the basis of sex distribution alone (twice 
as many affected males as females), Fortuyn, 51 1936, 
proposed that the manner of i nheritance may be that of 
double recessivity . with one gene on an autosomal 
chromosome and the other gene on the sex chromosome. 
These conclusions were reached in an analysis of 
data provided by Birkenfeld,50 Schroder, 82 - 84 and 
86 87 Cunningham. However, Cotterman and Synder, 1937, 
and Cisk and Mather, 88 1938, completely disputed 
J 
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Fortuyn's51 theory. Cotterman and Synder87 pointed 
out that even if the manner of inheritance was that 
of double recessivity with one autosomal and one sex-
linked gene, ratio of males to females need not be 
2: l~ · In .obtaining a nsibship analysis" of the material_, 
· Cisk and Mather88 concluded that the ma~ner of inheri-
tance was not attributable to sex linkage. This con-
elusion was based on the difference of the incidence 
of the character among the brothers and sisters of 
the male and female propositi in reports of Sanders39 
82-84 and Schroder . . . 
Analyzing Schroder's82 - 84 and Sanders's39 data 
for sex-linkage_, r·1ather and Philip, 89 in 1940, discover-
ed two different modes of inheritance. Sanders 1 39 
pedigrees displayed complete autosomal inheri ta.nce, V-There-
as, in a number of cases, Schroder•s 82 - 84 showed partial 
sex-linkage. Therefore, in this material, a minimum of 
two different genes_, one autosomal recessive and one 
sex-linked recessive_, governed the incidence of cleft lip 
and cleft palate. 
Analyzirtg his own material, Sanders39 believed 
that five hereditary factors determine the malformation_, 
cleft lip and cleft palate. These five factors were 
based on which side of the lip the cleft appeared as 
) 
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we 11 as the severity of the cleft. · Therefore J the 
manner of inheritance was attributed- to polymerous 
recessive fa.Qtors and not sex linkage or sex limitation. 
Hantzchel85 agreed with Sanders39 as to the possibility 
of polymeric recessiveness. 
In 1942) Fogh-Andersen29 cc ·.piled an extensive 
report on t~e inherit~nce of cleft lip and cleft palate. 
In orienting and classifying his material) Fogh-Andersen29 
concluded that on a genetic basis there were only two 
mutually independent malformations: cleft lip with or 
without associated cleft palate and isolated cleft 
palate. In cleft lip with or without cleft palate) 
the manner of -inheritance was found to be that of 
11 conditioned dominance 11 with sex-limitation to males. 
However) _in the case of isolated cleft palate the 
manner of inheritance seemed to be that .of simple 
dominance with 11 failing manifestation" and sex limitation 
to females. 
24 Fraser studied the influence of genetic factors 
on experimental cleft palate caused by maternal treat-
ment of mice with cortisone. Variation in results 
obtained with different strains of mice demonstrated 
that cleft palate in mice was due to numerous mutant 
genes. Since he believed that mutant genes were also 
I 
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2~-the cause of cleft palate in humans~ Fraser compared 
his results with those in humans. The mic~ data re-
sembled the human affection in t . at cleft palate alone 
was genetically different . from that of cleft lip with 
or without cleft palate. These findings supported 
. . 
Fogh-Andersen's observations. 
Curtis~5B Hixon~ 41 and Rank and Thomson67 did not 
agree with Fogh-Andersen's conclusion that cleft lip 
with or without cleft palate was occasioned in all 
instances by a genetic system independent of that pro-
ducing cleft .palate alone. HoweverJ they did agree 
that the manner of inheritance was due to multifactor-
ial genetic conditions. 
Rank and Thomson67 also believed that these genes 
were dominant~ autosomal~ and of reduced manifestation. 
The repeated observation that an excess of males 
have cleft lip with or without cleft palate suggested 
to Fraser and Calna.n55 that infant girls were less 
susceptible to the interactions of polyfactorialJ 
genetic~ and environmental factors which were concerned 
i n the pathogenesis of this malformation. 
. 71 Curtis and Walker stated that the anomaly 6f 
cleft lip with or without cleft palate was due to at 
least two pairs of recessive genes. In the case of 
) 
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isolated cleft palate, Fogh-Andersen's theory of 
simple dominant inheritance with greatly reduced 
penetrance was supported. 
Fogh-Andersen29 compared the frequency of clefts 
·among the relatives of the propositi and among the 
general population. There was a s·ignificant difference 
between the frequency of cleft lip with or without 
cleft palate in the total popula.tionj the same condi-
tion appeared among siblings, parents, and the parent's 
sibs of individuals with cleft lip and/or cleft palate. 
Furthermore, a significant difference was noted in 
the frequency of occurrence of isolated cleft palate 
in the total population and among siblings of the 
I 
isolated cleft palate proband. He proposed that this 
data strongly suggested heredity factors to be impor-
tant in the etiology of these facial clefts. 
Investigation by Schwartz, 90 Stiegler and Berry,9l 
and Peer and his associates 66 demonstrated families 
with multiple occurrences in varying percentages. 
However, the data of Peer, Strean, Walker, Bernhard 
and Beck66 was of limited value since only families 
of children with repaired clefts were used. 
Fraser and Baxter's53 investigation of the dis-
tribution of clefts observed among 70 families demon-
strating cleft lip and palate demonstrated a significant 
) 
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difference in the prevalance between cleft lip and/or 
palate and isolated cleft palate cases. This tends 
to support Fogh-And~rsen 1 s 29 findings. 
Spriesterbach and his associates69 studied family 
health histories from parents of 111 children with 
cleft lip or palate and from 175 parents whose children 
did not have any facial clefts. In comparing the 
index and control groups~ it was noted that the index 
group had 17 times more relatives with cleft lip and 
palate than the control group (105-10~000; 6-10~000). 
The families of isolated cleft palate patients 
had a higher incidence of associated anomalies and a 
lower number of counted relatives with clefts than did 
· the families of the patient with cleft lip or cleft 
lip with cleft palate. The authors felt that ·this 
evidence suggested either a different hereditary pattern 
~or the two conditions or that more severe pregnancy 
events may tend to produce more clefts of the palate 
only as to clefJmof the lip or lip and palate combined. 
Fujino and his associates7° demonstrated that 
among 2~792 siblings of cleft lip propositi~ 33 
(1.8 percent) had cleft lip and 13 ( .47 percent) had 
cleft lip and palate; none had cleft _palate alone. It 
) 
v1as also noted that the incidence of cleft lip among 
J 
-5~-
brothers of cleft lip propositi was higher than among 
the sisters. A similar excess of brothers with cleft 
lip was noted among the siblings of propositi with 
cleft lip and palate. There was also an extremely 
high number of consanguineous marriages in which both 
parents were normal; resulting in offspring with clefts. 
The combined rates of siblings with cleft lip or 
cleft lip and palate was 10 times higher than the rate 
of subjects with such clefts in the general Japanese 
population. There was no conclusion as to the mode 
of inheritance. However, it was pointed out that these 
data did demonstrate a definite genetic trend. 
Twin studies by Birkenfeld, 50 Idelberger and 
92 29 58 Idelberger, Fogh-Andersen, Curtis, Metrakos 
93 94 
and Metrakos, and Douglas have shown some degree 
of concordance among monzygotic twins. Since the 
amount of data was limited, no def i nite conclusions 
as to the mahner of inheritance were reached. However, 
many of the cases presented the possibility that here-
ditary factors played an important role in the etiology 
of cleft lip and cleft palate. 
On the basis of twin studies, Curtis58 disagreed 
with Fogh-Andersen 1 s 29 conclusion that a pedigree with 
isolated cleft palate will not show a child with cleft 
J 
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lip and vice versa. 
Douglas's94 review of 30 monozygotic and 70 di-
zygotic twins, iri 1958, demonstrated a 30 percent 
concordance of monozygotic twins compared to 5.4 per-
cent between dizygotic twins. The author felt that 
these results emphasized the rolr bf genetic factors 
in cleft formation. 
It should also be noted that in these studies 
many methods of determining zygosity were discussed and 
presented. This is an essential factor to consider 
in order to obtain meaningful results. 
The influence of environmental factors and teratogenic 
agents 
In reviewing the role of heredity ·in the occurrence 
of cleft l ip and cleft palate, it was seen that no 
de~·nit e conclus i ons were reached even though extensive 
studie s have been made over the past 25 years. Most 
au~~ors agree that the anomaly of cleft lip and cleft 
palate seems to be due to a complex interaction of multi-
factorial genetic and environmental conditions. Approxi-
mately 20 percent of the materia.l accumulated displayed 
a familial disposition. From this 20 percent) various 
modes of inheritance were deduced. HoweverJ ~0 percent 
of the data did not display a definite pattern of in-
.. ,.., 
heritance. Various environmental factors as well as 
teratogenic agents have been considered to be associated ,, 
with this anomaly. However, with better diagnostic 
facilities and with more complete records this figure 
may be considerably reduced. 
In a. study of glaciated and non-glaciated areas ., 
Brown, 95 in 1939, reported that thyroid deficiency 
was a. possible teratogenic agent of congenital clefts. 
Henderson,72 in 1940, after completing a similar study, 
denied this observation on the basis that she could 
not find any correlation between hypothyroidism and 
congenital clefts. 
Davis 38 and Campbe1196 found congenital syphilis 
to oe present in many of the congenital cleft cases 
which were discussed. However, no definite conclusions 
were reached as to the role of syphilis in the etiology 
of cleft lip and palate. 
Gregg, 97 Prendergast, 98 Swan and Tostevin, 99 
. 100 101 Patrlck, and Brawner have presented a number of 
cleft lip and/or palate cases which were associated 
wi t h maternal rubella. The observed frequency of iso-
lated cleft palate was greater than that of cleft lip 
and palate. These investigations of rubell~ and 
congenital malformations suggested that cleft.palate 
J 
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occasionally might be associated with a viral in-
fection. 
F 24~102,103 raser found that the treatment of 
pregnant mice with cortisone acetate increased the 
incidence of cleft palate. However, it was found that 
this teratogenic agent influenced 'the genetic factor 
regulating palatal closure in various strains of mice. 
It was also demonstrated that both the maternal and 
foetal genotypes were important in determining the 
embryo's response to the teratogen. 
104 105 Isaacson and Chaudhry, Ingalls and Curley, 
and Woolan and Millen106 have substanti~ted Fraser's 
findings. Ingalls and Curley105 using hydrocortisone 
and Woolan and Millen106 using cortisone increased the 
expression of cleft palate produced by hypervitaminosis 
A. 
Strean and Peer, 107 in a retrospective study of 
maternal case histori~s, reveal~d a high incidence 
of physiologic, emotional, or traumatic stress during 
0 24 the first trimester of pregnancy. Fraser questioned 
this finding since this data was acquired solely through 
maternal memory. ~e felt that maternal memory 'bias is 
a source of error and is most difficult to control since 
a mother of an abnormal child is more likely to remember 
) 
-58-
unusual events during the pregnancy than.will the 
mother of a normal child. 
Nutritional deficiencies also have been asso-
ciated with the occurrence of cleft palate. Asling108 
found that a. deficiency of pteroylglutamic acid (folic 
acid) in pregnant rats produced cleft palate and in 
most cases micrognathia.. 
Peer and his associates 109. found that the adminis-
tration of Vitamin B6 and folic acid in various com-
binations decreased the incidence of cleft palate in 
pregnant mice which were injected with cortisone acetate. 
Conway112 and Peer and his associates66 found 
that supplemental vitamin therapy (B complex) multiple 
vitamins) and folic acid) given to pregnant women who 
already had children with cleft lip and/or cleft palate 
seemed to reduce the incidence of the anomaly. However) 
the study was too small to reach any definite conclu-
sions. 
110 Douglas contended that vomiting during preg-
nancy caused depletion of certain essential . elements 
during the first trimester of pregnancy. He theorized 
that this depletion may have some affect on the develop-
ing lip and palate. 
McGainty and his associates 111 noted tha~ less 
I 
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than 15 percent of pregnant women see an ·obstretrician 
before the first trimester is over. Therefore~ dietary 
supplements are not given when they are most . needed. 
Pinsky and Fraser113 found that short term exposure 
of mice to the teratogenic agent 6-aminonicotinamide~ 
caused cleft lip and hind limb malformations. 
Warkany114- 116 in his researc~ with experimental 
animals produced a higher number of clefts by sub-
jecting pregnant animals to X irradiation~ Vitamin A 
deficiency~ riboflavin deficiency~ pantothenic acid 
deficiency~ and folic acid deficient diets~ alone · or 
in combination with vitamin antagonists; cortisone~ 
compound F~ and ACTH injections; low atmospheric 
pressure; nitrogen mustard injections; and hyper-
vitaminos i s A. 
Erdelyi117 believed that toxoplasmosis passing 
through the diplacental route wi th maternal blood may 
be an exogenous agent causing cleft lip and cleft 
palate. 
According to Buchner118 the four principle 
envi ronmental causes of non-inherited facial clefts 
were acute virus infect ions~ avitaminosis~ oxygen~ 
and glucos~ deprivation of the mother. 
Feild~ Kresnover and Lieberman119 noted that the 
J 
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effects of temporary anoxia upon the fetal tissues 
of mice resulted in an increase in fetal morbidity and 
in the number of congenital malformations. rhe greatest 
frequency of deformities occurred after a 45-mipute 
vascular occlusion on the 15th day. There were 13 
instances of palatal clefts~ eight of which occurred 
in young subjected to anoxia on the 14th day. 
Possible incomplete manifestations or 11microforms 11 of 
cleft lip and palate 
Although there is voluminous literature regarding 
cleft lip and palate~ the possible genetic carriers 
of cleft lip and/or cleft palate have not been identi-
fied. One investigator120 has suggested that subjects 
with "microforms") which represent the lightest 
degrees of the manifestation) may be possible genic 
carriers. On the other hand~ these ''microforms 11 may 
oe a result solely of genic action which is completely 
free from the influence of other factors such as 
environment. Therefore) the manifestation present 
is a limited or masked one. These 11 microforms 11 
may also be a result of incomplete penetrance of the 
gene) which again may be determined by factors such 
as environment and teratogenic agents. 
Fogh-Andersen29 noted in most cases of cleft lip~ 
even without a visible cleft in the alveolus) there 
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was an irregularity of the involved incisor or the 
cuspid. In some instances supernumerary teeth in 
this area may also be present. It was further 
mentioned that the study of Lucas, 121 in 1888, 
called attention to the fact that in relatives of 
the propositi these dental anomalies occurred quite 
frequently 1r1ithout an associated cleft of the lip 
and palate. 
Mengele, 122 in 1939, mentioned other anomalies 
which could be considered as "microforms 11 of cleft 
lip and palat~: a high, narrow arched palate, sub-
mucous cleft palate without a visible anomaly, notch-
ing of the upper lip, and bifid uvula. 
. 123 In 1928, Dav1s reported that 57 percent of 
his cleft patients had a positive familial history. 
His criteria for a positive family history included 
not only ciases of the lip~ face~ and palate, but also 
those with congenital absence of the maxillary lateral 
incisors or those 't'·Ti th maxillary supernumerary teeth. 
B . 124 f d ~ 1 onn 1 s investigation o enua anomalies 
occurring with cleft lip and/or cl~ft palate noted 
that the more ~everly affected cleft lips usually 
had a tendency for hypodontia in the secondary 
dentition as well as smaller teeth -in the maxillary 
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anterior region. 
Olin, 125 in 1964, observed that all patients 
v1i th cleft lip only or cleft lip and palate had some 
degree of deformity of the anterior teeth in the area 
of the cleft. The incidence of missing bicuspi ds in 
these patients was also extremely high (24 percent). 
The association of congenital mandibular lip 
pits with cleft lip and palate has been demonstrated 
by various investigators. 
Van der Woude 47 concluded that the congenital 
anomaly of mandibular lip pits was due to a single 
dominant gene. However, its effects may vary from the 
full triad of cleft lip, palate, and lip pits to a 
condition in which no detectable manifestations are 
noted. She also observed no evidence of sex-linkage, 
sex-limitation, or sex influence. It was also noted 
t h at the variable penetrance of this hypothetical 
gene allowed the trait to be transmitted by an apparent-
ly normal person. Furthermore, severely affected 
parents 1~ith the triad tend to have more severe~y 
affected offspring, in comparison to mildly affected 
parents. 
71 The investigation of Curtis and Walker presented 
nine families showing an association of cleft lip and 
J 
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palate with lip pits. The pedigrees of these families 
tended to support VanderWoude's conclus ions that the 
triad of cleft lip, palate, and lippl~ was due to a 
single dominant gene with variable expressivity. 
In their study of a five generation pedigree, 
Test and Fa1159 found an association of congenital 
lip pits with cleft lip and palate. The mode of in-
heritance of the pits seemed to be that of an auto-
somal dominant gene with incomplete penetrance. 
Gorlin and Shapiro126 reported that approximately 
65 percent of the congenital lip pits observed were 
found in women; however, they felt that it was not 
possible to claim a genetic hypothesis from this 
observation. The authors attributed the high female 
percentage to a greater tendency in women to seek 
cosmetic relief. 
In reviewing the literature it was noted that 
approximately 70 percent of the patients with man-
dioular lip pits have associated cleft l i p and/or 
cleft palate. Furthermore, some affected families, 
because of the var"able expressivity of the gene, 
eY~ib~ t only the lip pits , uhereas, in other famili~s 
some menbers ey~ibit only clefts and others have pits 
or a combination of pits and clefts. 
I 
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Gorlin and Pindborg127 proposed that a definite 
relationship exists between this triad and the 'pop-
liteal pterygium syndrome. They maintained that a 
dra"V>Jback tO thiS theory iS that the 11 lip pit II Syndrome 
appears to be transmitted as an autosomal dominant 
trait, V·rhereas the popliteal pterygium syndrome 
seems to be autosomal recessive. 
Ha11128 reported a case of congenital lip pits 
associated with a cleft of the soft palate. It was 
not possible to obtain an accurate history of a similar 
condition in other members of the family, however, 
the paternal great-grandfather was reported to have 
had a cleft palate. 
Commissural lip pits are believed ·to be a. condi-
tion closely related to congenital lip pits. These 
pits occur at the lip cownissures, laterak to the 
typical lip pits. Everett and Wescott 129 found that 
this condition seems to have an hereditary basis with 
I 
an autosomal dominant mode of inheritance. This entity 
has also been seen with other cong~nital defects. 
mhere appears to be little published on this condition. 
In looking for possible genetic carriers of 
120 
cleft lip and palate, Fukuhara and Saito, reported 
a number of possible "microforms" in relatives of 
/ 
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affected offspring. Using frontal) laminographic 
x-ray techniques) in addition to studying soft tissue 
configurations) the following characteristics were 
described: palatal bone defects) deviated nasal 
septum) rotat:Lon and crowding of the maxillary anter-
ior teethJ congenital absence of the lateral and 
central incisors) and a raphJ in the upper lip. 
The relationship of ocular hypertelorism to 
cleft lip and palat~ has been discussed in the litera-
ture. Ocular hypertelorism is a congenital anomaly 
characterized by an excessive distance between the 
eyes. It was first described by Greigl30 in 1924. 
Several investigatorsl3l-l33 consider hypertel-
orism merely a · symptom or a descriptive term without 
etiologic implication. It was also thought to be 
a condition resulting from any type of craniofacial 
dysostosis. 
In contrast) Gaard134 claimed that this excessive 
r 
spacing of the bony orbits was a specific etiologic 
ent i ty and not a result of other craniofacial de-
formities. 
GreigJl30 KersleyJl35 Posner and PiattJ 136 and , 
Vorisekl37 no~ed that hypertelorism was a result of 
underdevelopment of the greater wings and relative 
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overg~owth of the lesser wings of the sphenoid bone. 
One investigator138 attributed this anomaly to the 
hypertrophy of the body and greater wings of the 
sphenoid. 
Muir~ 139 in 1925, and Rawson and Avila~ 140 in 
1930 suggested that this condition was due to the 
persistence of the facial clefts. 
Gorlin and Pindborg127 proposed that developmental 
retardation of the crariiofacial structures is an etio-
logic factor that must be considered. This assumption 
was based on the frequently associated finding of cleft 
lip and palate. 
The oral manifestations most cormnonly seen with 
hypertelorism are a high arched palate~ cleft lip 
and palate~ and a few cases of bifid uvula. 
Isola141 believed that the reason for such a 
high incidence of palatal anomal'es associated with 
DJpertelorism could be attributed to the premature 
closure of the sphenotemporal suture~ which interfered: 
1'th the development of the greater wing and allowed 
over-development of the lesser wing of the sphenoid. 
mhis would lead to the palatal abnormality~ since the 
under-development of this greater wing would result in 
a drawing in in all directions and consequently the 
/ 
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approximation of the pterygoid plates. This in 
turn would buckle the palateJ causing it to have 
the extremely high narrow appearance, although it 
would not necessarily result in the palate being 
clef t. 
A. t h. 142 t d .l-h t t t , 1 c lnson repor-e 0 a wo pa ients witn 
marked hypertelorism also had missing maxillary 
permanent lateral incis~rs. Upon radiographic 
exami nation a cleft of the sphenoid and frontal 
bones was discovered. 
Drummond143 presented a case of hypertelori sm 
in whi ch four bicuspids were missing and the upper 
central incisors were mere stumps. The palate was 
extremely high and narrow. 
In both of these papers no comrnents were made as 
to t he relationship between facial clefts and hyper-
telor·sm. 
Since nypertelori sm by itself is rare (1/lOOJOOO 
l i ve births)J only a few of these cases demonstrate 
a fa mi l i al disposition for the anomaly. 
Abernethy144 di scussed ni ne cases in which the 
anomaly appeared on the maternal side of the family. 
Tne proband upon clinical examination displayed a 
narro-vr and highly arched palate. 
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A case of hypertelorism associated with a high 
and narrow palate displayed a familial tendency in 
Allen rs 145 study. A t t ention was directed to the par-
ents and in both it was noted that the eyes were 
rather widely separated. No mention was made as to 
the parentst oral condition. 
Br~wn and Harper133 commented on two families 
which displayed hypertelorism. In discussing hyper-
telorism they noted not only the type of skull de-
formity with which hypertelorism may be assoc i ated 
but also the variety of abnormalities in the bones 
and-soft tissues which frequently accompany it. 
Further comment was made concerning the mouth in that 
it frequently showed some abnormality. The palate was 
often highly arched and narrow and the ging iva hyper-
trophic. It was also stated that an abnormal i ty of 
tne mandible was uncommon. 
146 Bojlem and Brems studied 56 cases of hyper-
telorism reported in the literature and found that 
14 1·1ere not true ocular hypertelorism. They · ruled 
out cases in which the eyes were far apart secondarily 
to other disorders such as frontal meningocele and 
encephalocele. They also traced a family with hyper-
telorism through five generations and found 11 cases 
) 
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among 24 members of the same family~ the defect 
being transmitted as an autosomal dominant trait. 
Another pdssible incomplete manifestation of 
cleft palate is that of bifid uvula. 
1~·7 Berans~ in 1893~ noted that the prevalence 
of this anomaly was 1.82 percent This was based on 
a sample of 3~000 individuals. 
Mcintosh~ 148 · in 1954~ examined 6~053 children 
and infants and found only 11 bifid uvula in his 
sample. 
11~9 /"4 Meskin~ Gorlin and Isaacson~ in 19o ' ~ counted 
140 bifid clefts of .the uvula in a sample of 9~701 
individuals. The completeness of these clefts varied 
from a slight notch to a complete bifurcation of the 
cleft. In considering bifud uvula as a minor mani-
festatron of the more severely involved cleft palate~ 
the a~thors did not find a 2:1 female to male sex 
ration as has been frequently reported in cleft palate 
cases. The authors contend that the explanation for" . 
tnis is that as the palatal cleft becomes less severe~ 
the sex affinity for the female also decreases. 
However~ no conclusive ev~dence was submitted to 
substantiate this hypothesis. 
VI. Risk Figures for Counseling 
I 
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Various risk figures for the possible recurrence 
of cleft lip and cleft palate in a specifi? family 
82-84 29 
were calculated by Schroder, Fogh-Andersen, 
Fraser, 24 Curtis and Walker, 71 and Curtis, Fraser 
and Warburton~ 150 Since congenital clefts did not 
always show a familial tendency and did not conform 
to any simple Mendelian pattern of inheritance, 
empirical estimates of average probability were de-
rived from the observed frequency of affected persons 
in each group of relatives. These percentages can 
be readily seen in Table V. 
These risk f i gures provide estimates for counsel-
ing parents of affected individuals as well as the 
aff ected individuals themselves. However, these 
fi gures are not without limita~ion?· 
Even though various different categories were 
used, th~ risK figures of Fogh-Andersen, Curtis and 
-·alker, and Curtis and assoc i ates were very similar. 
S h bl he( c roder's calculations are not compara e since 
did not separate cleft lip with or without cleft 
palate and isolated cleft palate. 
J 
STATEMENT OF THE PROBLEM 
J 
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The first consideration in the writing of this 
thesis was to acquaint the reader with the complexi-
ties involved in an etiologic study of cleft lip and 
cleft palate. It is hoped that the ·review of the 
literature succeeded in demonstrating that the 
etiology of cleft lip and cleft palate is not a 
clearly defined oneJ but involves a complicated 
interaction between multiple genetic predispositions 
and various ill-defined environmental factors. 
The second objective of this study was to provide · 
additional information i~ identifying the so-called 
"mi croforms" or incomplete manifestations of cleft 
lip and cleft palate. Furthermore) an attempt has 
been made to determine hovl these "microforms 11 might 
alter tne apparent mode of inheritance in families 
displayi ng a familial disposition for cleft lip and 
cleft palate. 
) 
EXPERIMENTAL PROCEDURE 
I 
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Sample selection 
In selecting families displaying a possible 
familial pattern for cleft lip and cleft palate, 
a f~mily history was obtained from the parents of 
206 children affected with cleft lip and/or cleft 
palate who were admitted as patients to the James 
Whitcomb Riley Children's Hospital Dental Clinic. 
The diagnosis was confirmed by a thorough 
examination of the child's medical and dental histor-
ies as well as the qu~stioning of both parents. In 
every case the line of questioning was directed towards 
any knowledge of individuals with cleft lip and/or cleft 
palate on either side of the family. If others in the 
fami ly were affected, the relation~hip df the individual 
to the affected child (proband) was noted. 
The presence of at least one affected parent, 
sibling, or f i rst cousin of the _proband was used as 
the criteria for the inclusion of a family in this 
study. This criterion was used in order to minimize 
the possibility of multiple sporadic (non-genetic) 
cases occurring in a pedigree. 
Ped igree material 
Pedigrees of the families selected for study were 
assembled at the Department of Medical Genetics in the 
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Indiana University Medical Center. A majority of the 
pedigrees were constructed by interviewing the parents 
when they brought their child to the Riley Dental 
Clinic. When this was not possible special appoint-
ments for interviews were made through the Medical 
Genetics Department or the investigator visited the 
home of these families. All reported clefts among 
the relatives~ when possible~ were verified by indi-
vidual examination~ hospital records~ or photographs. 
Once the pedigree was constructed the author and 
a member (D.B.) of the Dental Genetics Department 
analyzed the pedigree. From this analysis specific 
individuals were selected from the individual families 
to be examined clinically and radiographically. This 
selection was made for the individuals in the pedigree 
who were not cleft themselves~ but who were members 
on the side of the family which had a history for 
clefting. This group included the proband's parents~ 
siblings~ grandparents~ uncles) aunts) and first 
cousins. 
Clinical examination. for oral and facial discrepancies 
Once the pedigree analysis and selection of the 
individuals to be examined was completed~ the follow-
ing tissue discrepancies of the oral and paraoral 
J 
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structures ~ if present) were noted: 
1. Bifid uvula 
I 
2. Raphe of the upper lip 
3. Notching of the alveolus 
4. Mand i bular lip pits 
5. Commissural fissures 
6. Accentuated asymmetrical nasal shape 
(nares in particular) 
7. Malformed Maxillary central and lateral 
incisors 
8. Congenitally missing maxi~lary central 
and laterally incisors 
9. Excessive crowding of teeth in the anter-
i or segment of the maxi llary arch 
Selection of these tissue discrepancies was 
based upon the embryologi cal development of the lip 
and palate. Furthermore) i t was also decided that 
any surrounding structures which would be affected 
by the clefting should be included. These structures 
therefore would have to include the maxillary incisors. 
In every instance a good light and tongue 
depressor was used i n the direct i ntra-oral examination. 
When the uvula was exami ned for clefting) a tongue 
blade was used to separate the cleft parts) if any 
J 
-75-
possibility of a uvular cleft was noted 1 
I The area observed in the searcH for a raphe in 
the upper lip or a notching of the alveolus was 
founded on the theory of mesodermal penetration dur-
ing the development of the primary palate. Therefore) 
the tissue examined was in the area labial to the in-
cisiv~ suture of the premaxilla and palate. Since the 
maxillary central and lateral incisors and the cuspids 
are in this area, any anatomical discrepancies or 
gross malalignment of these teeth within the arch was 
noted. 
Examination for mandibular lip pits included 
the area encompassed by the vermillion border of the 
lip to the junction of the intra-oral mucosa. It was 
also felt that the commissural lip pits were closely 
related to the mandibular lip pits in that they occur 
at the site of a potential horizontal facial cleft. A 
thorough digital examination of the junction of the 
upper and lower lip was therefore included. 
In examining for asymmetry of the nares, the 
pat i ent's head was t i lted back to a point ~pproximately 
parallel to the floor. The nose was then examined for 
any deviation to the right or left, gross discrepancy 
in the size of the nostrils, and the position of the 
) 
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naual septum . The patient was also queut·oned aJ t o 
the possib..! l._.,_y of any pre vious h ·· st ory of tra ma or 
surgery done to the nose. The premise i n this case 
being that abnormal development ·n the hard . tructures 
of the pr~mary palate , wni ch was not cl inica l ly appar -
ent may be ·nt · mately related to and indicated by such 
abnormal nasal findings. 
mhes e foregoing cond·t ~ ons we re noted and recorded 
on 35 m"llimeter Kodachrome slides . 
Cl"n i cal and Roent enograph "c ~or Hypertelorism 
mhe examina L·on of the patlenLs for hypertelorism 
co~s·sted of both soft t~ssue and skeletal measurements . 
mne ~ollo ·ing measurerren ts were used : 
l . Canthal · naex* 
2. C.Lrcun erence - interorb · ta 1 · ndex·x-.!..:-
X 100 
** c·rcumference-interorb "tal ~ndex = 
X 100 
.mference 
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3. Intercorneal distance 
4. Skeletal interorbital distance 
Since the diagnosis of hypertelorism is primarily 
defined through the canthal index and the circumference-
interorbital index, the following measurements were 
necessary: 
1. Intercanthal distance: measured by having the 
patient sit in an upright pos~tion allowing 
the eyes to be parallel to the floor. Using 
a 250 millimeter sliding caliper* and placing 
the pointed branch ends at the intercanthi 
of both eyes. The millimeter scale was held 
parallel with the patient's forehead. 
2. Outercanthal distance: obtained in a similar 
manner as the intercanthal distance. 
3. Occipital-frontal circumference: obtained by 
placing a mi l limeter tape measure* superior 
to the occipital region and bringing the tape 
directly over the superior borders of the 
orbits. 
*G.P. M. Anthropological instruments, Siber Hegner and 
Company Incorporated 
/ 
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The skeletal interorbital measurements were 
taken from a posterior-anterior cephalometric head-
plate. In order to standardize all of the headplates, 
the patients were placed in a Broadbent-Bolton 
cephalometer located in the Orthodontic Department 
at the Indiana University School of Dentistry. The 
headplates were then placed on a radiographic view-
box and acetate paper was placed over the headplates. 
Tracings of the medial walls of the orbit were recorded. 
If the orbital outline was extremely thick, the line 
was drawn through the middle of the outline. Lines 
tangent to the arcs of the orbit and parallel to a 
baseline were then drawn. A bow divider was then 
placed on each tangent. This distance was then 
measured by · a millimeter ruler. 
A control group of 70 Caucasian individuals 
ranging from four to 22 years of age was selected at 
randon from patients, students, and employees at the 
Indiana School of Dentistry. The patients themselves 
were taken from the pedodontic, orthodontic, and 
dental hygiene clinics. Identical optical measure-
ments were taken and then compared with the results 
compiled from the individuals in families afflicted 
with cleft lip and palate. The results from these 
J 
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two gro~ps were then compared to the normal values 
for the canthal and circumference-interorbital indices 
proposed by G~nther 15 1 and the orbital findings of 
S "1 152 .. 153 l verman and Johr. 
The rationale behind the use of these optical 
measurements was based on the assumption that abnormal 
growth of the sphenoid bone, of which the anterior sur-
face of its greater wing comprises a large portion of 
the orbit. It has been demonstrated in animals that 
.Palatal closure may be prevented by lateral head growth 
Which prevents contact of the palatal shelves. Orbit 
posit~on then may well be a reflection of such lateral 
g~owth.8,24-26 
History of pregnancy 
A questionaire was compiled with the aid of the 
Department of Psychiatry in the Indiana University 
I·1ed i cal Center (Figure 3). These questionaireE were 
sent to physicians who exa~ined and treated the pro-
bands' mothers during pregnancy. 
Since the parents of these affected children con-
ceivably are carriers for a gene or genes involving 
cleft lip and palate formation, an attempt was made 
to eliminate a possible environmental cause. 
J 
RESULTS 
J 
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Sample selection 
Family histories in which there were 206 children 
affected with cleft li p and/or cleft pa late were re-
duced to 22 families in which there was more than one 
occurrence of cleft lip and/or cleft palate. The 
presence of at least one affected parent) sibling) or 
first cousin of the affected proband was noted in 18 
of these families; these were selected for study be-
cause of the close genetic relationship of the affect-
ed ind i viduals. In one family the affected s i bl i ng 
of the proband was an i de ntical twin. Both indivj-
duals were treated as one occurrence and were el i minated 
fro m this study. Three of the fami lies with a history 
of mu ltiple occurrences of cleft l ip or cleft palate 
chang ed res i dence after the i nitial contact and 
could not be located for follow u p s tudy. The parents 
and s i blings of three addit i onal fami lies were separat-
ed due to the divorce of the parents and co-operation 
f or f u rther study coulc not be obtai~ed. Therefore) 
a t o ta l of 11 fami l"es remained for the present study. 
Freq:ency of f ac ia l and oral d ~ Ecre pancies in relat i ves 
of probands , j_th cleft l i p wi t h or wi thout cleft palate 
and ·soleted cleft palate 
~he frequency of bif i d uvula in the relatives of 
probands with cleft lip and/or cleft palate in the 
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present study was compared to the frequ~ncy of bif{d 
uvula in the general population as demonstrated by 
Meskin and his associates (1.47 percent) and confirmed 
¥ 147 . 
in the smaller studies of Berans (1.82 percent) and 
Baker154 (1.7 per~ent). There was a highly signif i -
cant difference in the frequency of bifid uvula between 
Mes kin's results and this study (x2 - 31.1; d.f. = 1; 
., , 
p ~.001). Therefore, the sample of 11 families in-
eluded in the present study was not a random sample 
of the general population~ with regard to · the preval-
ence of bifid uvula. An equal distribution of the 
tra i t among males and females (five males-five females) 
was no t ed. Of t he 11 fami lies studi ed, six (54.5 
percent) contained at least one i nd i vi dual with bifid 
uvul a (Table VI). Two famil i es had more than one in-
di v i dual wi th bi f i d uvula (Figures 6 and .l6). One 
~ami ly e xhib i ted one s i bl i ng wit h i solated cleft 
palat e and one s i bl i ng with a bifid uvula (F igure 9). 
Seven indi vi duals, other than the proband within 
t wo of the 11 fami l i e s in thi s study, demonstrated 
mandibular lip pi ts (Figure 23) ma king a total of nine 
affec t ed ind i viduals (Table VI). Si nce the occurrence 
of mandi bular lip pi ts .in the general population is 
extremely rare .and has never been reported, statistical 
I 
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comparisons of these data could not be made. Six of 
the individuals affected with mandibular lip pits 
belong to Family I. The seventh individual, since 
she represents an isolated occurrence in the pedigree, 
is most likely sporadic (Figure 14). 
Commissural lip pits (Fj_gure 22) occurred in 19 
of 138 (13.9 percent) individuals. When compared to 
a.n observed frequency in a select population (Baker's 
findings in a young adult group at Chanute Air Force 
Base 154) no significant difference was found (X2=.819; 
d.f.=l; NS). However, seven of the 11 families (63.7 
percent) included in the present study demonstrated 
these lip pits. Males were _affected approximately 
twice as frequently as females (13 to 6). 
Three individuals had congenitally missing or 
malformed maxillary lateral incisors. Two of the 
three individuals had siblings with cleft lip and 
cleft palate (Figures 10 and 15) while the remaining 
affected individual was the parent of two siblirigs 
affected with cleft lip and cleft palate (Figure 6). 
The frequency of missing lateral incisors in the 
general population has been estimated at 1.05 percent.l55 
The difference between the frequency observed in this 
study and in ~he general population was found to be 
significant (x2 = 4.0; d.f.=l; p ~.05). 
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Three of the 111 individuals in the present study 
had malformed maxillary central and lateral incisors 
(Table VI). None of these three affected individuals 
were from the same family and all of the affected 
lateral incisors were of the peg-shaped variety. The 
frequency of maxillary pegged lateral incisors obse~ved 
in this study (2.7 percent) was not significantly 
different from that of 1.78 percent observed in 
the general population156 (x2 = .45; d.f.= 1; NS). 
Since all of the affected individuals with congenitally 
missing and malformed maxillary lateral incisors be-
longed to different families and because of the small 
number found in this groupJ the value of this portion 
of the study remains questionable. 
Two of the 11 families included in this study 
" I presented a total of two individuals with a raphe uf 
the upper lipJ one of whom also had asymmetrical shape 
of the nares. Both of these affected individuals were 
parents of at least one child wich cleft lip and cleft 
palate (Figures 10 and 12). These manifestations 
would indicate the importance of their observation 
in cleft lip and cleft palate families. One other 
individual had an extreme discrepancy in syn1metry 
of the nares but no apparent oral deformity. He was 
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both the father and uncle of children. affected with 
cleft lip and cleft palate (Figure 16). Finding these 
three subjects with such vdsible defects suppo~ts 
the assumption that individuals carrying the gene for 
cleft lip and palate may be present. This hypothesis 
is further strengthened by the fact that all three of 
these individuals have had at least one child with 
cleft lip and cleft palate. 
Notching of the maxillary alveolar process, 
as described by Fukahara and Saito120 -- sometimes seen 
in incomplete clefts of the l i p -- was not observed in 
any of the 138 subjects examined. The two individuals 
I 
with a raphe of the upper lip had no apparent alveolar 
involvement. 
O~ing to the great frequency and variation of 
malocclusion in the general population and t o the 
l i mited number of subjects affected with extreme 
crowding of the maxillary anterior teeth in this 
study, the relationship of malocclusion to cleft 
l ~ p and cleft palate was ~iven no consideration in 
t he final analysis of data from this study. 
Exami nation of sine le facial and oral discrepancies 
for s pecific hered~ tary patterns 
Since commissural lip pits, mandibular lip pitsJ 
and bifid uvula displayed a high prevalence nmon~ the 
ind:v ~ ~ ,als ~ n the f ami l i es of this stLdy, an exam~ na-
tion for a spe c i f~c mode of inheri tance was attempted 
for ee c.L1 entity. 
Fa nily I ( p-· c;ure C) , in whi ch s -· x of the seven 
observed cases of mandibular lip pi ts occurred, 
del onstrated an autosomal dom·nant mode of inheri-
tance ~or tn ·s condit ·on. Using the ~ethod of com-
plete ascertainment~ ~ four-to-one ratio of affected-
to-normal ind~v~duals was noted ~n the second genera -
tion. In the th~rd generat ··on, a.ssumin.; that the 
affected in the second ge nerat i on are heterozygous 
for tne "l ip p·· t gene 11 , a two-to-three rat::.o vras 
ob~erved, wh i ch seemed to support an autosoma 
: f 
clef~ l : p; ana cle~ t ~a late seemed to be d .e to a 
s ~ ~ ~ le dominant gene with var i aole express ~ vity. 
Th::.s 47 conf irms Van der ~ ioude 1 s observat·· ons . 
~he ·· s J_ - :.._ - -~ ·c ...._ · n G .... v J. J. 
favor of males. Because of the very small sample, a 
met~od of complete ascertainment* was employed to 
*Stern, Curtis: Pr·nc~ples of Human Genetics. 2nd ed. 
San Franc is co, J . H. Freeman Co., 1960, p. 133. 
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confirm the given sex ratio. This proc~dure altered 
the male-female ratio to one-to-one. Therefore) any 
hypo.thesis of sex-linkage was weakened. Commissural 
lip pits in these families seemed to be transmitted 
by ~n autosomal dominant gene. 
No definite .hereditary pattern for the condi-
tion of bifid uvula alone was found. Four of the 
10 affected individuals were found in Family XI 
(Figure 16) and in th~s family the trait appeared 
to be transmitted by a qominant gene. The other 
occurrences were spread out in five other pedigrees. 
The observed one-to-one sex ratio of bifid uvula con-
firmed the findings of Meskin and his associates. 149 
Exami nation of multiple facial and oral discrepancies 
for specific hereditary patterns 
As described earlier) no obvious hereditary 
patterns were apparent for bifid uvula alone or 
commissural lip pits alone although the former 
seemed to have a dominant mode of inheritance in 
Family XI and the latter appeared as a dominant 
trait in Families IJ IIIJ IV. Since the isolated 
conditions of bifid uvula and commissural lip pits 
did not make a discernable pattern) an attempt was 
made to make various combinations of these two traits 
with cleft lip and/or cleft palate and analyze the 
J 
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r es ultant se e; re [:;a t i on ra t·· os (Fami l i es :· I , I I I-VIII, 
XI). The comb i nations cons 1dere c1 ue re c left l iD 
. £ 
and · cle f t palate with b i f i d uvula and commissural 
li~ pi ts; cleft lip and cleft pala te wi th bi f i d uvula; 
b i fid uvu la a nd i s ola ted cleft palate; and comm:Lssura l 
lip pi ts with cleft lip and cle f t palate. These com-
bina~ions are shown in Table VII. 
When the traits cleft lip, cleft palate, bifid 
uvula, and commissural lip pits were cons idered as 
varying manifestat i ons of the same entity, clefting, 
a segregation analysis produced a 31:41 ratio among 
the affected and non-affected indi viduals in the sib-
l : ng population. A similar ratio was obtained when 
commissural lip pits and bif i d uvula were comb i ned. 
The attained ratio suggested autosomal domi nance 
wi th approximately 75 percent penetrance. When this 
mode of inher i tance was appl i ed to the individual 
pedi grees, autosomal dominance with reduced penetrance 
was apparent in each instance (Figures 6, 8, 11-13, 
16 ). 
When the bifid uvula and cleft lip with or with-
out cleft palate were cons i dered together (Figures 6, 
9-12, 16) a two-to-three ratio of affected to non-
affected subj~cts in the sibling population was observed. 
J 
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Furthermore, when bifid uvula and isolated cleft 
palate were combined a one-to-two ratio of affected 
to non-affected subjects irr the sibling population was 
"' 
observed (Figures 6, 9-14, 16). The latter ratio 
suggested autosomal dominance with 50 percent pene-
trance, but the numbers of affected individuals were 
too small to draw conclusions. 
Although the various combinations of oral anomalies 
used in this study were . interesting to investigate, 
their inclusion in the analysis of incomplete mani-
festations of cleft lip and cleft palate did not make 
any particular mode of inheritance seem apparent. 
In fact, these results clearly demonstrated that when 
b"fid uvula and commissural lip pits were considered 
in var~ous combinations with cleft lip and/or cleft 
palate no obvious change in the manner of inheritance 
of the clefts were observed. Commissural lip pits 
and bifid uvula, actually appeared to be presenting 
themselves independently of the cleft lip and cleft 
palate condition. 
H~story of pregnancy 
Th~ medical histories of probands 1 mothers dur-
ing pregnancy provided a minimal amount of pertinent 
information .. However, two mothers had difficulty dur-
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ing pregnancy with the proband (Familie~ VII, VIII). 
The proband's mother in Family VII had an ovary re-
moved during the second trimester. In Family VIII, 
the proband's mother threatened abortion during the 
second month of pregnancy and was hospitalized for 
two days. Interestingly, both husbands of these women 
had a·cleft lip a.nd a cleft palate. 
The mother of the proband in Family III was 
placed on ' thyroid medication during two of her preg-
nancies, each of which resulted in affected children, 
one child with cleft lip and cleft palate and one 
with isolated cleft li~. 
Results of clinical and roentgenogra2hic examination 
for hypertelorism 
In considering the biostatistical analysis to be 
used in determining any significant differences in 
the ocular and orbital measurement~ of the control 
group and the unaffected individuals in families vi th 
a history of cleft lip and/or cleft palate, a number 
of variables were considered. These included age ond 
sex i n both groups and the sex of the proband, re-
lat·onship to the proband, and maternal or paternal 
history of cleft lip and/or .cleft palate in the . rela-
tives of probands with a family history of clefting 
group. The observed oral and facial discrepancies 
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alone with the ocular and orbital meas~rements were 
coded and placed on a Coding Form-r~a.ster Card. This 
was done in order to facilitate the placement of these 
data on computer cards. 
When the frequency distribution of each variable 
was being considered, it became apparent that there 
would be an insufficient number of subjects ·available 
for each group and that one or more of these variables 
1-\Tould have to be excluded. Therefore, .only age_, sex, 
and the relationship to the proband (coefficient of 
relationship) were used. Furthermore, . in a prelimin-
ary analysis of the ocular and orbital measurements, 
it was noted that many of these measurements were 
highly correlated (Tables IX, X) and that a meaning-
ful analysis between the relatives of the proband in 
families with a history of clefting and control groups 
could not be obtained if each of these measurements 
were treated as a separate variable~ Since many of 
the oc~lar and orbital measurements vary with age and 
possibly the sex of the individuals, 152 ,l53,l57 ~t 
was necessary to include the age and sex variables when 
compa~ing the two groups. 
Therefore, multivariate procedures were consider-
ed to be the most appropriate statistical method in 
J 
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ocular and orbital measurements must have been taken 
on each individual. One hundred and sixty-six.indivi-
duals contributed complete information. Of these 166, 
66 were from the control group. 
When ocular and orbital measurements of the two 
groups were analyzed, a significantly smaller canthal 
index was found in the r~latives of a proband with a 
family history of clefting group (p ~.05). The 
circumference-interorbital index was significantly 
larger in the relatives of a proband with a family 
history of clefting group (p <.001); and the. skele-
tal interorbital distance was significantly smaller 
in the relatives of a proband with a family history 
of clefting group (p ~.025) (Table XIV). The con-
trol variable, age, was shown to have significantly 
contributed to the differences obtained for ocular 
and orbital measurements within the individuals of 
both the relatives of a proband with a family history 
of clefting and control groups (p~.Ol). This was 
anticipated since growth increases with age. 
To determine more specifically where the signi-
ficant differences occurred in the relatives of a pro-
band with a family history of clefting group a step-
wise regression analysis was completed using the co-
J 
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eff i c ient of relat i onshi p as the depen~ent vari able 
and a3e, age squared, 2ex, and the ocular and orbital 
measurements as the independent variables. The ration-
ale used i n attemptinG this test was to demonstra te 
i f the signi ficant differences found ·i n the oaular 
and orb~tal measurements between the two groups (canthal-
index; circumference interorbital, and skeletal i nter-
orbital) could be attributed to the relatives closest 
to t he proband. Therefore, the closer the relative to 
the proband, the greater the difference one might expect 
to f i nd within the relat i ves of the proband with a 
fa mi l y history of clefting g~oup. However, this di f-
f e re ~ce could not be demonstrated; the three variables 
which were s ignificantly different between the control 
and the relat i ves of a proband with a fami ly history 
;I 
of clefting groups were non-s i5nifi cant when the rela-
t~ves of a proband with a fam i ly history of clefting 
group was analyzed u2ing the de gr e e of relat i onship 
as t he dependent variable (Table m).' 
I 
FIGURES AND TABLES 
) 
Figure 1. 
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Orban2 descr i bes the s i x stages in 
the development of the pr~mary . 
palate. 
A. Human embryo nine millimeters 
i n length. 
B. Epithel ia l wall formed by the 
uni on of the median nasal pro-
cess with the max~llary process. 
C. Blind olfactory sac formed by 
closed nasal p·t. The primary 
union of the medial nasal) maxi-
llary) and lateral processes 
has occurred. The epithelial 
wall has lengthened. The arrow 
points to the area i n which the 
epi thelial wall separates the 
olfactory sac from the oral 
cavity. 
D. The mesoderm has broken through 
the super i or part of the epithe-
lial) thus strengthening the 
primary epithel i al fusion of 
median nasal process to the 
maxi llary and lateral processes. 
The inferior part of the epithelial 
wall has thinned out (arrow). 
E. The destruction of the superior part 
of the epithelial wall by prol i fer-
ating mesoderm has advanced. The 
inferior part of the epithelial 
wall is thinned out to form the 
nasobuccal membrane. 
F ~ The nasobuccal membrane has ruptured. 
, Nasal cavity cowaunicates with oral 
·cavity through primary choana (arrow). 
The superior part of the epithelial 
wall is ent i rely replaced by pro-
liferating mesoderm forming the 
primary pa late between nasal and 
oral cavities. 
J 
A 
Nasal }?it 
Mandible 
D 
.1esoderm 
Epithelial 
Wall 
E 
c 
Epithelial 
Wall 
F 
Nostril 
Primary 
Palate 
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Figure 2. Timetable of development of the central 
face. Relative sequenc~ and time of 
development of the disparate Pf1ts of 
the central face. (From Stark ) 
) 
) 
~ 
CD 
<D 
Pl (I) 
0 
H.) 
()"q 
<D 
(I) 
ct 
so 
ct 
f-J• 
0 
~ 
0 
J--1 
CN 
measurement in nnn. 
0 
- nasal placodes appear 
- nasal pits deepen 
- oral plate ruptures 
- buoco nasal membranes rupture 
- palatal shelves appear 
mesodermal penetration of upper lip 
and premaxilla 
palate closes 
~remaxillary suture closes 
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Figure 3. Questionaire sent to the physicians 
who examined and treated the p~obands' 
mothers during pregnancy. 
) 
Please circle answers which relate to this patient's pregnancy and 
fill in the short answers where indicated. 
Patient: 
---------------------------------------------
Address 
--------------------------------------------------------------Street and Number City State 
Child's Name: 
----------------------------------------Weight of mother at first appointment: ____________ _ 
Birth Rank of Child: 1st, 2nd, 3rd, 4th, or 
---------
Birth Weight of Child: 
----------------
I. What was the general health status of the patient during pregnancy: 
Good Fair Poor 
If Fair or Poor, give major pathological conditions (diabetes, 
anemias, etc.: 
II. Did the patient have a history of miscarriage? Yes No 
If Yes, what was the etiologic factor (if known): 
III. Were there any complications during the pregnancy? Yes No 
If Yes: 
A. Threatened abortion? Yes No 
B. Major surgery not related to pregnancy? Yes No 
C. Patient have any severe falls or accidents? Yes No 
IF YES, during what month? 
-----------------
IV. Did the patient have any severe emotional problems, such as 
excessive worry during the pregnancy? Yes No 
V. Did the patient have a weight problem? Yes No 
How was it controlled? (prugs, etc.): 
VI. Did the patient have any allergies which were manifested during 
the pregnancy? Yes No 
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Figure l~. Symbols used in constructing the 
pedigrees drawn from this study. 
J 
D 
m 
0 
® 
<> 0 
• • 
• 
D 
• 
D 
(D) 
PEDIGREE 
Male 
5 males 
Female 
3 females 
Sex unknown 
Sex unknown, e.g.: 8 siblings 
Examined professionally; 
affected with trait 
SY M BOLS 
Marriage 
Consanguineous 
marriage 
Illegitim.acy 
No issue 
Identical twins 
Fraternal twins 
Not examined professionally; Smaller symbols : 
reported to have trait 
Examined professionally; 
normal for trait 
Not examined; reported 
normal for trait 
Adopted 
EXAMPLE OF SYMBOL USE 
( Marriage and Sibs hip ) 
• 
( ~ 
0 
~ 
B3 
[j] 
Indicate index case ( pro bands ) with arrow. 
Lived less than 
one day 
Pregnancy 
St illbirth 
Miscarriage 
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' Fi gure 5. Symbols used to indicate specific 
anomalies found in fawilies included 
in this study. 
) 
1.~ 
2.~ 
3.~ 
4.c. 
5. EJ 
6.~ 
7.~ OR 0 
8.~ 
9.~ 
10.~ 
11.~ 
12.y 
13. EB 
14. + 
15. =f= 
CLEFT LIP 
CLEFT PALATE 
BIFID UVULA 
MANDIBULAR LIP PITS 
CONGENITALLY MISSING CENTRALS AND LATERALS 
MALFORMED CENTRALS AND LATERALS 
COMMISSURAL LIP PITS 
ASYMMETRICAL NASAL SHAPE 
NOTCHING OF ALVEOLUS 
NOTCHING OF LIP 
EXCESSIVE CROWDING OF MAXILLARY ANTERIOR ""EETH 
POSSIBLE HYPERTELORISM 
CRANIAL DEFORMITY 
DEATH IN INFANCY 
DECEASED 
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F igure 6. Constructed pedigree of Family I. 
Figure 7. Constructed pedigree of Family II. 
) 
~ • • • • 
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F:gur~ 8. Constructed pedigree of Family III. 
Figure 9. Constructed pedigree of family IV. 
) 
• 
• 
• • 
• • • • ~ 
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Fi gtire 10. Constructed pedigree of Family V. 
-
F~gure 11. Constructed pedigree of Family VI. 
J 
J 
• 
• • 
• • • • • 
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Figure 12. Constructed pedigree of Family VII. 
F~gure 13. Constructed pedigree of Family VIII. 
J 
J J 
~· + 
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Figure 14. Constructed pedigree of Family IX. 
Figure 15. Constructed pedigree of Family X. 
J 
J 
• • • 
* 
• 
• 
• 
~· • • • t 
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( 
Figure 16. Construc~e9 pedigree of Frunily XI. 
F igure 17. A pre-school child exhibiting overt 
hypertelorism with a cleft lip and 
cleft palate. 
) 
I 
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~igure 18. Asymmetry of the no s e as exhi b i ted by a 
parent who bore children wi th cleft lip 
and cleft .Palate. 
Figure 19. Notching of the lip as exhibited by 
a parent who bore two children with 
cleft lip and cleft palate (arrow). 
) 

Figure 20. 
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Congen i tally missing and peg-shaped 
maxillary lateral incisors as exhibit~ 
ed by a parent who bore two children 
with cleft lip and cleft palate 
(arrows). 
F:gure 21. One degree of bifid uvula found in 
relatives of ,probands with clefting 
examined in this study. 
J 
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F igure 22. Commissural lip pits as exhibited in 
a number of relatives of probands 
with clefting examined in this 
study (arrows). 
Figure 23. Mandibula~ lip pits as demonstrated in 
Families I and IX. 
I 

Table I. Ti me table : of human development* 
Age (Days) Size (mm.) General Body Form 
1 .100 Zygote 
25 3.000 Rupture of buccopharyngeal 
membrane 
56 25.000 Facial clefts closed-eyelids 
formed 
. 56 26.000 Palatal processes grow medially 
63 35.000. Fusion of palate complete . 
Age is given as ovulation age, which is two weeks less than the age calculated 
from the first day of the last menstrual period. Size is given as from crown 
to rump length. 
18 
*From Millen) proposed by Streeter) Arey, and Dittmer. 
I 
}-I 
0 
OJ 
I 
Year 
186!~ 
19.o8 
1919 
1924 
1929 
1931 
Table II. Repor t ed i nc i dence of cleft l i p and cleft palate 
Author 
Frobel ius 
Rischbieth 
Army Draftees 
Davis 
Peron 
Schroder 
Place No. in Total Incidence 
Popv.lat i on 
St. Petersburg, Russia 118:180,000 1:1525 
London, England 39:67,945 1:1742 
Baltimore, Maryland 24:2~,0b5 1:1170 
Paris: France 106:100,889 1:92~2 
Munster, Germany 28:34,000 1:1214 
1931 Gunter Leipzig, Germany 102:102,834 
16:15,270 
74:47,200 
1:1000 
1933 . Sanders Holland 
193 2~ 
1934 
1939 
1939 
19!J.o 
1940 
Grothkopp Hamburg, Germany 
Faltin Finland 
Sanverero-Roselli Italy 
Edberg Goteburg, s·weden 
Fogh-.Andersen Copenhagen, Denmark 
Convray Ne\\f York 
Hendersen 
193:128,306 
32:22,513 
35:18,024 
1:954 
1:638 
1:950 
1:1000-1500 
1:960 
1:665 
1:700 
1:550 
I 
~ 
0 
\D 
I 
Year Author Place No. in Total Incidence 
Population 
191~2 Grace Pennsylvania 250:202,501 1:810 
1944 Mueller Wisconsin 736:567_,504 1:770 
1949 Hixon Ontario_, Canada 695:655_,332 1:943 
1950 Ivy Pennsylvania. 766:583_,690 1:762 
1951 Wallace New York 1:1265 
1953 vJallace New York 1:1202 
I 
1954 Douglas Tennessee 1:1694 }-I }-I 
0 
.. I 
1955 Ivy Penns:y-1 vania 1_,592:1_,201_,976 1:754 
1955 Lending Ne'l:\f York 1:1342 
1957 Fogh-Andersen Copenhagen_, Denmark 641~: 393) 1~57 1:754 
1960 Sesgin-Stark New York 21:27_,087 1:1289 
1960 Greene California 2_,185:1_,765_,746 1:808 
1960 Greene Hawaii 128:85_,180 1:665 
1960 Greene Pennsylvania 1) 41~6: 1 _, 21~2 _, li-08 1: 859 
Year Author Place No. in Total Incidence 
- ---
' Populat i on 
1960 Greene Wiscons i n 692:485_,10~ 1:701 
1960 Rank Tasmania_, Australj_a 1:600 
1961 Loretz Ca lj_forni a 368:313) 1 6I~ 1:851 
1961 Woolf Utah 90:59_,650 1:662 
1961 Tretsven Montana 229: 123) ]_1~4 1:538 
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Taole III. Distribut~on of cleft lip, cleft lip and 
cle~t pa late_, and isolated c eft palate 
cases by sex and by percent of total cases 
as reported 1g selected studies. 
(From Greene · ) 
~~ lformation and 
study location 
Cleft l::_p 
Ont2r ~t.. o _, Canada 
Birm~ngham_, England 
Cal :"_fornia 
Denmark 
Pennsylvan·a 
Lancaster, Pennsylvania 
"'iontr,..al _, Canada 
London_, En 0 land 
Sub-Total 
1ean ~{; 
Cleft lip and cleft palate 
Ontario_, Canad ~ 
Bi rm·ngham_, England 
California 
DeY'lmark 
Pcnn.:ylvan a 
Lancaster_, Pennsylvania 
11sntreal_, Canada 
London_, England 
No. of 
Cas es 
195 
66 
102 
138 
229 
36 
ll.~ 
93 
873 
316 
105 
155 
360 
356 
393 
56 
152 
Sub -Total 1_,8~3 
.... e ...... -"" ct. 
· 011 JO 
!~elated cleft ~a late 
Ontsrio_, Canada 123 
B~rmingham_, England 114 
Cal~fornia 111 
DenLar< 127 
Pe· : c:-yl van·· a 181 
L~ncaster_, Pennsylvania 242 
:ont real_, Canada 32 
London_, England 211 
S ub-Total l_,l rl 
i\ ean /b 
Total 3_, 907 
t{; of Total 
cleft cases 
in study 
30.8 
23.2 
27. 8 
22.1 
29.9 
5.4 
13.7 
20 .1.~ 
22.3 
1~9 . 8 
~ 6 . c 
1~2 .1 
57 . 6 
lJ_L" 
. O . :J 
58 .6 
51+. J 
33.3 
4r . 5 
1.7 . lt 
40.0 
30.2 
20.3 
23.6 
36 .1 
31.4 
46.3 
2).9 
Males 
No. R_ ;o 
127 65 .1 
1.~0 Go. 6 
61 59 .8 
90 C5 .2 
160 69 . 
19 52.8 
6 42.9 
61 65 .6 
564 
64.6 
199 63.0 
62 : 9 .0 
90 52 .1 
257 71.1 
22 8 61.~ . 0 
267 67 . ;/ 
37 c6 .1 
103 67. ~ 
1_,243 
55 l.~ 4 . 7 
47 41.2 
40 l.~l.~ . 0 
4~ 33. 9 6g 38 .1 
103 1.~2. C 
ll-~ 4 3. 8 
94 l.~ l.j • 5 
·. 
1+65 
1.~o. 2 
Table IV . Incidence of oral-facial clefting in various 
syndromes. 
Condition 
Acrocephalosyndactyly 
Arthromyodys plas ia congen j_ ta 
Cleidocranial dysostosis 
Craniofacial dysostosis 
Glossopalatine Ankylosis 
Klippel-Feil syndrome 
Larsen's syndrome 
Mandibulo-facial dys ostosis 
Oculoauriculovertebral dysplasia 
Or odigit ofacial dys ostosis 
Pierre Robin syndrome 
Trisomy D 
Trisomy E 
Cleft lip 
and 
Cleft Palate 
l (J( ;o 
10% 
* 
75% 
1% 
up to 
*Midline or lateral asymmetr i c clefts of palate in 75% of cases. 
Isolate d 
Cleft 
Palate 
25% 
10% 
20% 
10% 
95% 
95% 
30% 
"?<· 
75% 
I 
}--I 
}--I 
LU 
I 
Table V. Recurrence risk figures for cleft lip and/or cleft palate · 
offspring in which at least one affected individual has 
appeared in the immediate family. 
Study 
Fogh-
.Andersen ( 191~2) 
... 
Curtis & 
Walker (1961) 
Curtis) 
Frase r & 
Ha.rburton 
(1961) 
Affected family 
types 
Cleft lip 
Cleft palate 
Isolated 
Cleft palate 
Cleft l i p 
Cleft palate 
Isolated 
Cleft p·alate 
Cleft lip 
Cleft palate 
Isolate d 
Cleft palate 
4 .l~% 2 .07& 
1.8% "t-H.D. 7.0% 
12 . 0~6 +I-I . D . 
3.7% 4· .0% 
2.5% 5 .8~6 
4 .o;:b -H.D. 
3.6% -fH.D. --
3.6% §Con. 
1. 7Jb -H.D. : 
7 2o/ • ;o +H. D. --
4.0% I Con. 
-r 
=f= 
Normal individual ) 
Affected individual ) refer to Figure 4 
14.0% 
+H.D. 17.0% 
19.4% 
14.3% 
16.7% 
15.4% 
§ f
-H.D. no previous familial history of clefting 
+H.D. previous fami l ial history of clefting 
Con. offspring resulting from a consanguineous marriage 
. 
--
--
--
--
9.0% 
0.9% 
I 
I--' 
I--' 
-I= 
I 
Table VI. Segrega tlon ana lys j_ s-x· of the frequency of facial and oral discrepan-
c:les in relatives of probands with cleft lip and/or cleft palate. 
Discrepancy Parents Grandparents F:l.rst Double Total Given No. of 
and Aunts ar..d Cousins First Involved 
Siblings Uncles Cousins Families 
NT A=t- N A N A N. A N A 
Bifid uvula I, IV, v, VI, 
(a) !~4 3 35 2 33 4 2 1 114 10 VII, XI 
Mandibular 
lip pits 55 2 34 5 39 0 3 0 131 7 I, IX I J-J 
J-J 
Commissural I, III) .. IV,. VI, \Jl I 
lip pits 50 7 34 5 3!~ 5 1 2 119 19 VII, VIII, XI 
Notching of 
a 1 veo'lus (a) 1.~7 ·o 37 0 37 0 3 0 121.~ 0 . 
t 
Raphe of 
upper lip 
36 (a) 46 1 1 37 0 3 0 122 2 _ VJ VII 
Asymmetrical 
nasal shape 
(a) 46 1 36 1 37 0 3 0 122 2 v, XI 
Discrepancy 
Malformed 
Maxillary 
Central and 
lateral in-
cisors (a_,b) 
Congenitally 
missing maxi-
llary central 
and lateral 
incisors 
Parents 
and 
Siblings . 
N A 
45 ' 2 
(a_, b) 42 3 
Excess i ve 
cro··.rdin~ of 
maxillary 
anter i or se g -
ment (a_,b) 43 2 
Grand pare nts 
Aunt .... and 
Uncles 
N A 
37 0 
. 30 0 
Firs t Double 
Cousii.ls First 
Cousins 
N A N A 
33 1 3 0 
0 3 0 
33 1 3 0 
Total 
N A 
109 3 
109 3 
105 7 
Given No. of 
Involved 
Families 
I_, II_, IV 
I_, V _, X 
I_, III_, XI 
*Index cases are excluded in a segregation analysis using method of complete 
ascertainment 
t Normal 
=t= Affected 
(a) Cleft lip and cleft palate relatives were not included. 
(o) Edentulous relatives were not included. 
I 
!-J 
!-J 
0\ 
I 
Table VII. Freq ue ncy of f a c :t a l and oral d t s c r .e pan c i e s i n relat i ves of 
probands wi.t h cleft l i p and cleft palate when grouped together. 
Group Parents Siblings Ind i vi duals wi th more Totals 
than one man i festat i on 
N* A-t N A N A 
Bifi d uvula 
Commissural lip pits 32 4 39 25 4 71 29 
Bifid uvula 
Cleft l i p and 
cleft palate 40 8 56 36 96 44 I .__. 
.__. 
-:] 
Bif i d uvula I 1 
Cleft pala t e 20 2 26 15 46 17 
Commi ssural l i p pi ts 
Bi fid v.vula 
Cleft l i p and cleft 
palate 45 6 41 31 6 86 37 
~- Normal 
-t Affected 
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Table VIII. Type of defect in relatives of probands 
with cleft lip and palate (CLP), cleft 
lip alone (CL)~ and cleft palate 
alone (CP). 
Type of 
defect in 
the proband 
CLP 
CP 
Number 
of 
pro bands 
8 
3 
Type of 
defect in 
affected 
relatives 
.CLP CL CP 
8 
1 
3 
0 
9 
3 
Total 
.Affecteds 
25 
7 
Table IX. Correlations between ocular and orbital measurements 
in both the control and relatives of probands in 
families with a history of cilefting groups. 
r 
Q) X Q) 
rl rl C) rl Q) orl 
cti aj s:: ro ro S::C\1 
~ ..c: Q) Q) s:: Q).P 
.p .p rl H s:: ·r1 H·r1 
s:: s:: cd Q) H <1>.0 
cd cd +> rl G-1 0 rl G--!H 
C) C) ·n ro s C) cd s 0 
H H P.. .p ::s H ~ ::S H X 
Q) <1> •n S:: 0 Q) .p C) Q) Q) 
s:: .p o 0 H .p s:: H-Pro 
s:: ;j o H•n s:: cd ·n s:: s:: 
Variable H 0 OG--to H 0 0 ·r1 ·r1 
Innercanthal 1.000 0.656** 0. 485•** 0. 688-><-* 0. 569-x•* 0. 846*7<· 
Outercanthal 1.000 0. 7817<·* 0. 885-** -o. 2o 5-x- 0 .321*•* 
Occipital 
frontal 
c irctunference 1.000 0. 71~ 3-x-* -0.170* -0.001 
Intercorneal 1.000 -0.055 0.393** 
Canthal index 1.000 0. 711 *7<-
Circumference 
interorbital 
i r:dex 1.000 
Skeletal 
i nterorb i tal 
?<- Corre l a L. · on coe f f'c ient s i gn·'_f j_ca nt at the f i ve ·e r cent level 
-x--:t Co r:.~ c l'"' t ~ - n coeff i c i e nt signi f i ca nt at t he one pe rc e nt level 
rl 
ro 
.p 
·r1 
rl.O 
cd H 
~_) 0 
<1> H 
rl(}) 
Q).P 
~s:: 
CI)-M 
0. 664-x-* I J--l 
J--l 
0. 810-7<-* ~ 
0.664** 
0. 8457<-* 
-0.006 
0.399** 
1.000 
Table X. Cor re l atio ns betwee n ocu l a r and orbi ' al mea s~reme nt~ 
found in relatives of probands in families with a 
history of clefting . 
Variable 
Innercanthal 
Outercanthal 
Occipital 
frontal 
circumference 
Intercorneal 
1.000 -0.596** 0.399** 
1.000 
1.000 
r-f 
cd 
Q) 
s:: 
H 
0 
0 
H 
Q) 
+-' 
s:: 
H 
0. 593-x--x-
0.856** -0.237** 0.277** 
0.685** -0.170* -0.100 
1.000 -0.036 
0. 627.X•* 
0. 774-K·* 
0.586** 
0. 797-¥---x-
Canthal index 1.000 0. 710*-x- -0.013 
Circumference 
interorbital 
index 
S.keletal 
interorbital 
1.000 
* Correlation coefficient significant at the five percent level 
** Correlation coefficient significant at the one percent level 
1.000 
I 
f--1 
£\) 
0 
I 
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Table XI. Mean scores of ocular and orbital 
distances in the control group. 
Variable Mean Standard 
Deviation 
Innercanthal 29.830 nun + 3.02 
Outercanthal 87.562 mm + 7 .41 
Occ:pital-Frontal 
+ 27.63 Circumference · 532.621 mm 
Intercorneal 43.697 mm + 5 -55 
Canthal Index 34.124 mm + 2 .63 
Circumference + I~1terorbi ta 1 Index 5.562 mm 0.46 
Skeletal Interorbital 21.950 mm + 3.11 
Age 141 .697 months ±59 .85 
} 
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Table XII. Mean scores of ocular and orbital 
distances in the relatives of 
probands in families with a history 
of clefting. 
Variable Mean Standard 
Innercanthal 31.632 mm 
·jevia.tion 
3.00 
Out ercanthal 90.972 mm + 6.55 
Occipital-Frontal 
+ 24.36 Ci rcumference 538. 815 mm 
Inter corneal 47.165 mm + 5.66 
Canthal index 34.640 + 2.72 
Circumference 
+ Interorbital Index 5.863 0.52 
Skeletal Interorbital 23.447 mm + 3.54 
Age 281.240 months + 20.77 
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Table XIII. Mean scores of combined ocular 
and orbital distances in .the con-
trol and relatives of probands 
with a family history of clefting 
groups. 
Variable Mean Standard 
Deviat ·.on 
I nne r canthal 30.916 mm + 3.12 
Out e rcant hal 89 .622 mm + 7·77 
Occ i pital-Frontal 
+ 25. 81 Ci rcumference 536 .352 mm 
I n t e r corneal 45 .786 mm + 5 .85 
Canthal Index 31.~ . 1.~ 3 5 + 2. 69 
c· r cumference 
Interorbital Index 5.743 + 0.52 
Skeletal Interorbital 22.852 mm + 3.44 
Age of both groups 225.759 months + 17.89 
Table XIV. Step-wise regression analysis on combined data with the 
control and · relatives of probands in families with a 
history of clefting member s hip as the dependent 
variables and age) a~- squared, sex) ocular) and 
orbital distances as the independent variables. 
Variable 
Sex 
Partial Standard 
regression error of 
coefficient regress. 
coeff. 
0.0680900 
Amt. of 
dependent 
variation 
accounted 
for. by each 
independent 
variables (%) F p 
NS 
Age 
0.1119066 
0.0020300 0.0009300 
1.31 
14.66 <.01 
Canthal 
index -0.0004070 
Circumference 
interorbital 
index 0.0000451 
Skeletal 
interorbital -0.0003790 
4.0153000 
0.0000115 
0.0001670 
0.67 . 4.0153 <.05 
5.03 15.3896 <.001 
0.91 5.1120 <.025 
I 
J--J 
(\) 
+=-
I 
Variable Partial Standard Amt. of 
regression error of dependent 
coefficient regress. variation 
coeff. accou1ted 
for by each 
independent 
variables ( 73) F p 
Age squared -0.0000010 0.0000005 0.49 1.0228 NS 
Innercanthal Nr~x- 1.22 0.0491 NS I 
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The review of the literature clearly demon-
strates the complexities and problems encountered 
when attempting to study the etiologic aspects of 
cleft lip and cleft palate. Today, even with the 
vast kn~:n·rledge available in the field of human genetics) 
a specific heredita~y pattern for cleft lip and cleft 
palate has not been substantiated. The cstoblishmcnt 
of the etiologic factors responsible for cleft defects 
is one of the important problems that faces present 
day investigators. 
In previous studies the relatives of indiViduals 
afflicted with cleft lip and/or cleft palate, except 
in pedigree studies, have been largely ignored in an 
investigation of this anomaly, and as a result, a 
variety of proposed modes of inheritance have been 
presented. It should be noted that the possibility 
of "carriers" for cleft lip and/or cleft palate in 
these pedigrees was never thoroughly explored. 
Recently, Fukahara and Saito120 have demonstrated 
possible "microforms" or incomplete manifestations of 
cleft lip and cleft palate which may indicate or mark 
a gene carrier of this trait. 
In searching for possible "microforms 11 , a deli-
berately biased sample was used in the present study. 
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The r la t~vc~ surveyed in t~ i s study were obta i ned 
only from am:l~es d:splaying a familial tendency for 
c12 : t l i p and/or cleft palate. The selection of 
fam~lies f or this study ¥as based solely on the near-
nes~ o~ relationship of additional affected relatives 
to the proband. This includes affected siblings, 
pnrents, aunts, uncles, 8~d first cousins. None of 
the 2tudies39,50,82 involving 200 or more family 
h : stories in wh~ch at least one child was affected 
w~ th cleft l i p and/or cleft palate were as critical 
in t heir selection. It uas concluded by this inves-
t igator that the figures indicatinG the relative 
fr e quency of the 11 her2di tary 11 family are cf little 
or no value, when one consi~crs a comparat i vely 
frequent affl i c~ ion su ch as cleft lip and cleft palate, 
un_e~s only the nearest relatives arc i ncluded. 
Af:ectc d "nd·v~dual s not closely related to the pro-
band may represent spo1.,adi c occur rences 1·1hi ch are not 
tne results c f genes acting ::.n a fam "ly. T!:: s, t he 
8.2 r ercent of familie~ observed i n the p_€sent study 
tc ~ emonstrate a fam~ lial occurrence for cleft lip 
and/or cleft palate ~ay repre~ent a more re ~ listic 
fig~re than the 20 percent frequency alluded to in 
prev i ous studies. 
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Results of the examination for various soft 
tissue discrepancies were found to be highly suggestive 
as a criteria for rrgene carriers" in two families. One 
mother, who had. an affected sibling (Family V), exhibit-
ed a raphe of the upper lip coincident with an ex-
treme asymmetry of the nostril on the same side. The 
mother also displayed a very high palate, and overt 
hypertelorism which was confirmed by measurement. 
Furthermore, she bore two cleft lip and cleft palate 
children. Although no laminographic radiographs were 
taken to determine if midface bony defects were evi-
dent, this subject clinically resembled a number of 
·120 
patients presented by Fukahara and Saito as gene 
carriers for the clefting trait. Interestingly, 
when considering the mother as an affected individual, 
the occurrence of a second child with cleft lip and 
cleft palate in this family was in accordance with 
risk figur.es of Fogh-Andersen29 and Curtis 150 for an 
affected mother who already has one affected child. 
This finding seems to strengthen Fukahara and 
Saito's theory that individuals exhibiting specific 
alterations of the lip and palate may be gene 
carriers for cleft lip and· cleft palate trait. 
Since the minor facial and oral abnormalities 
J 
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mentioned in this study were no t obser~ed i n all 
expected instances, one must conclude that there may 
well be other s i gnificant oral~facial alterat i ons 
which are manifestations of the cleft i ng process 
than thos e observGd in the present study. 
An i ridividual who was both the father and the 
uncle of children affected with cieft lip and cleft 
palate (Family XI) exhib i ted a. gross asymmetry of 
the nares. A similar individual was described by 
Fukahara an~ Saito. 120 It was interesting to note 
that in Fukahara and Saito's subject, irregularities 
in the palatine bone and the nasal shelf were present. 
After reviewing the literature, it was difficult 
for this investigator to believe that mandibular lip 
pi ts, cleft lip, and cleft palate were inherited 
independently of each other. 
s trengthens the hypothes i s of 
Curtis an~ Walke r ,71 in that 
The 
Van 
the 
pedigree of Fami.ly 
der Vloude L~ 7 and 
tr -·ad of cleft lip, 
I, 
cleft palate, and mand i bular lip pits may be due to a 
s i ng le dominant gene wi th var i able expr ssivity. Fur-
t hermore, the severity of the clefts and lip pits, in 
Fami ly I, increased in each Subsequent gene r ation. 
Thi s finding agreed with Vander Woude's conclus i ons. 
Ba ker159 reported on a family in which mandibular lip 
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pits appeared as a single trait. In hi~ study the 
degree of pitting varied in each individual, but an 
autosomal dominant hereditary pattern persisted. 
29 If 24 Fogh-Andersen and Fraser have proposed that 
cleft lip with or without cleft palate appeared to be 
inherited separately from isolated cleft palate. In 
other words, if an individual had an isolated cleft 
palate, any.affect~d relatives were much more likely 
to have an isolated cleft palate than to have a 
cleft lip with or without a cleft palate. Furthermore, 
both investigators suggested that in most cases cleft 
lip and cleft lip with cleft palate are due to the same 
gene. If one considers bifid uvula as a mild form of 
isolated cleft palate, the foregoing theories are 
supported in part with the data accumulated in the 
present study (Table VIII). In the families where 
the proband had cleft lip and cleft palate, the 
relatives were afflicted significantly more often 
(p ~ .05) with cleft lip and cleft palate than with 
isolated cleft palate. When families exhibited a 
proband with isolated cleft palate, the preponder-
ance of isolated cleft palate to cleft · lip with or 
without cleft palate in relatives was three to one. 
If bifid uvula is a true manifestation of a 
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palatal cleft~ it should follow the her~ditary 
pattern of isolated cleft palate. Fogh-Andersen29 
and Fraser24 have reported that isolated cleft 
palate is a simple autosomal dominant trait with 
limited penetrance and with some sex-limitation to 
the female. In this study) the combination of isolat-
ed cleft palate and bifid uvula produced an inheri-
tance pattern which resembled that of an autosomal 
dominant gene with 50 percent penetrance. It sho~ld 
be noted; however) that only two of the 11 families 
studied exhibited a. proband with isolated cleft 
palate. 
The transmission of the bifid uvula trait con-
tained no apparent sex-linkage or sex limitation. 
This does not agree with the proposed mode of genetic 
transmission of isolated cleft palate. Meskin and 
h . . t l49 h d th t 1 ft f 1s a s soc1a es ave propose a. as c e s o 
the palate become less severe~ the apparent sex 
affinity for the female decreases; ,therefore) since 
bifid uvula is considered to be a mild manifestation 
of i solated cleft palate~ the fema~e sex predilec-
tion would be expected to be eliminated and this was 
observed here. However) the sample size in this 
study was quite small and further confirmation is 
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needed. 
When bifid uvula and cleft lip with or without 
cleft palate were considered as a single trait, an 
autosomal dominant hereditary pattern v.ras ascertain-
ed. If bifid uvula is considered a minor manifesta-
tion of isolated cleft palate and if the hereditary 
pattern of isolated cleft palate "differs from that 
of cleft lip with or without cleft palate, the com-
bination of bifid uvula wiih cleft lip with or with-
out cleft palate, theortically, should not present 
a similar hereditary pattern. Therefore, this 
finding (a~tosomal dominant) further confuses the 
role of bifid uvula in cleft lip and/or cleft 
palate. One conceivable explanation is that the 
occurrence of bifid uvula may be due to the 
interaction of two or more genes and thnt no single 
mechanism can be accurately singled out. 
Commissural lip pits, whose frequency was 
found to be similar to that of a select population, 
and which appeared to be occurring largely indepen-
dent of the cleft lip and/or cleft palate condition, 
demonstrated an autosomal dominant pattern by itself. 
129 This result confirms Everett and Wescott's 
findings. 
'I, 
Since the use of the selected oral ~ and facial 
discrepancies as incomplete manifestations of cleft 
lip and/or cleft palate did not obviously present 
to this investigator a definite manner of inheri-
tance for cleft lip and/or cleft palate , compar isDn 
of t hese results with other authors' proposed here-
ditary patterns of cleft lip and/or cleft palate is 
VJ'arranted. 
The results of this study demonstrated that 
both cleft lip and/or cleft palate) in a small 
number of families (Families IJ VII) VIII)) ex-
hibited autosomal dominance with varying degrees of 
penetrance. This finding is not in accord with the 
studies of Fogh-Anders en29 and FraserJ 24 but does 
agree with Rank and Thoms·on 1 s 67 observations. 
In attempting to assign specific hereditary 
patterns to the accumulated data in this study) 
an autosomal dominant hypothesis was considered 
most likely with the aid of a contingent factor) 
penetrance. 
As previ ously stated, penetrance is a concept 
wh·ch attempts to bridge the di screpancy between 
theortical expectation on the bisis of a genetic 
hypothesis and actual observation. The concept of 
-135-
penetrance is by nature a temporary~ purely formal 
auxi llary hypothesis without specific content~ which 
is intended to make a genetic hypothesis acceptable. 
If the discrepancy between observation and expecta-
tion is considerable and its cause unknown~ doubts 
about the hypothesis which was made the basis for 
the theoretical expectation are indicated. In thi s 
study~ the concept of penetrance was used with a some-
what more exact meaning. Namely, it was used to ex-
plain the failure of appearance of certain oral-facial 
trai ts in some family members, who) on the basis of a 
genetic hypothesis, would be expected to show thes e 
traits. 
The results of thi s study seem to imply that 
penetrance is not the property of the genes in 
question in cleft lip and/or cleft palate, but is a 
function of i nteraction with the rest of the geno-
type and of the environment. 
The primary gene effect usually depends upon 
the act i on of a sing le pair of a lleles, wherea s 
numerous modifyipg genet i c and exogenous factors 
are combined in secondary and tertiary effects. 
The concept of penetrance belongs in the realm of 
these secondary and tertiary complex gene effects, 
-136-
but not in the realm of monomeric gene action. Thus, 
if i t is said of n gene that it is dominant and has a 
penetrance of 50 .Percent, this means either that the 
effect of the gene depends on additional exogenous or 
genetic factors which are still unknown or that the 
complete expression of the gene action has not been 
recognized. 
Accurate medical histories may be of some help 
in determining possible exogenous factors which may 
cause clefting. An excellent example was demon-
strated in Family VIII; the proband's mother threat-
ened abortion during a period in· which development 
of the lip and palate was cr i tical. Even with her 
husband exhibiting a cleft lip and cleft palate, the 
expression of the gene somehow may have been enhanced 
by this possible environmental factor. 
The parent in Family III who was placed on 
thyro i d medication poses an interesting question 
concerning the effect of altered endocrine function 
upon occurrence of congenital defects. The studies 
of Brown45 and Henderson,72 which both considered 
and then denied the possibility of thyroid deficiency 
as a teratogenic agent in congenital clefts, may be 
considered here. 
J 
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The data concerning clinical and r~diographic 
examination for interorbital distance yielded 
some most interesting results. 
~ 
A 142 14~ number of investigators ~ ~ have observed 
individuals with cleft lip and cleft palate who 
exhibitecl hypertelorism. It has been suggested 
that the simultaneous occurrence of these anomalies 
indicated developmental retardation of the cranial 
facial structures. Most authors 141 , 142 agree that 
hypertelorism may be attributed to gross discrep-
ancies in the growth pattern of the sphenoid bone. 
One family (Figure 10) displayed overt hyper-
telorism among the parents and siblings and in this 
family the condition appeared to have a dominant 
mode of inheritance of its own, a condition already 
described oy Bojlem and Brems. 146 However, this 
finding was an exception and~ in fact, the data 
analysis actually showed that the canthal index and 
skeletal interorbital distances were significantly 
smaller in relatives of children affected . wi~h cleft 
lip and/or cleft palate. Since the raw data demon-
strated greater values for the orbital and ocular 
measurements in the group of relatives of the proband 
with a familial history of clefting (Tables XI- XIII), 
mean values of the measurements were calculated 
J 
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for the age range in which the ocular arid orbital 
distances no longer increased with age. Even though 
the differences in the two groups were not found to 
be significant, the measurements in the group of 
relatives of a proban~ with a familial histor~ of 
clefting were found to be slightly less. Therefore, 
the differences in ocular and orbital measurements 
noted in the raw data w~re most likely due to 
t~e mean age differences b~tween the two groups. 
The meaning of these findings is not clear at this 
time~ · but if subsequent studies prove it to be a 
real one, it might ultimately provide a basis for 
selecting tt'gene· carriers". 
The significant differences in the ocular and 
orbital measurements between the two groups could not 
be relat~d to the degree of relationship (siblings, 
parents, f~rst cousins, and grandparents) to the 
proband, the true test of heritability. However, 
this failure may well have been due to the size of 
the noDulation involved; therefore, it is suggested 
;; .. 
that additional measurements from individuals of 
nev1 families with a history of clefting supplement 
these results before a final conclusion is attempted. 
Assuming that "hypo" ocular and orbital distances 
J 
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did occur in relatives of children affected with 
cleft lip and/or cleft palate~ an explanation is 
very difficult. 
It is noteworthy that hypotelorism has been 
previously reported to occur with median clefts of 
the face and palate. 160 - 162 Associated with these 
median clefts are the absence of the corpus calla-
sum) agenesis of the prolabium~ premaxilla and 
nasal bones) and microcephalia. 
The developmental and anatomical d:Lscrepancies 
of hypotelorism include premature closure of the 
metopic suture with hypoplasia of the ethmoid region. 
These fadtors produce associated changes in the 
frontal bone and medial portions of the orbit. The 
orbits then assume an oval or egg shape with the 
longer axis extending upward and medially from the 
inferolateral margins. The medial orbital walls are 
almost vertical with loss of the usual medial con-
vexity. No deviation of the medial convexity of 
the orbital wall from normal was apparent in the 
individuals included in the present study. 
A theory which may be considered as conjecture 
on the author's part is that when relatives of the 
cleft child exhibit shorter ocular and orbital dis-
I 
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tances, and this . phenotypic expression is transmitted 
genetically, polymorphic factors (whether they be 
environmental or genetic) attempt to correct for 
this anomaly by lateral growth of the midface. In 
doing so an overcorrection occurs, thereby preventing 
palatal closure. However, this does not explain the 
reason for clefting of the primary palate, that is, 
the lip and its associated structure s. 
In studying the etiologic aspects of cleft lip 
and cleft palate many problems, as brought out by 
this study, interfere with the progress of the 
geneticist in reaching definite conclusions. The key 
to the solution of these problems may eventually be 
found in families demonstrating a familial tendency 
for clefting. En~isioning the problems which have 
been encountered in this study, one can now realize 
the difficulty in reaching a conclusion as to the 
• 0 
cause of clefting . in the 189 "sporadic" cases which 
were referred to in portions · of this work and were 
not studied. 
I 
SU~~RY AND CONCLUSIONS 
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The objective of this research Was ~ to attempt to 
provide information on the incomplete manifestations 
of a cleft lip and cleft palate "gene". An effort 
was made to determine how these incomplete manifesta-
tions might combine to produce an obvious mode of in-
heritance of a "clefting" gene in families with a 
history of cleft lip and cleft palate. 
Parents of 206 children affected with cleft lip 
and/or cleft palate were questioned for any knowledge · 
of individuals with cleft lip and/or cleft palate on 
either side of the fa~ily. Families were studied 
in which the criteria. for their selection was based 
on the occurrence of at lea s t one affected parent~ 
sibling) or first cousin to the proband. A total of 
11 families (138 individuals) were suitable for 
study. 
Pedigrees of the selected families were con-
structed and analyzed for a specific hereditary 
pattern. Indivi duals within the families were 
exam:ned for fac i al and oral discrepancies. The 
discrepancies included: b i fid uvula) mandibular lip 
I pits) commissural lip ~its) rap~e of the upper lip) 
notching of the alveolu~~ asymmetrical nasal shape 
(nares)) congenitally malformed and missing maxillary 
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central and lateral incisors, and excessive crowd-
ing of the teeth in the anterior segment of the 
maxillary arch. 
Examination for hypertelorism, which was con-
sidered to be indicative for abnormal midfacial 
growth, was completed on 100 relatives in families 
demonstrating a hereditary tendency for cleft lip 
and/or cleft palate. These measurements were com-
pared with those obtained from 66 control individuals 
ranging from four to 22 years of age. A step-wise 
multiple regression analysis was used. 
A questionaire concerning the history of the 
proband's mother during pregnancy was compiled and 
sent to the respective physicians. This was done in 
an attempt to eliminate possible environmental factors 
fo r cle .L"lting . 
When selecting families with a hereditary dis-
posit"on for cleft lip and/or cleft palate and when 
the coefficient of relationship was considered in 
order to eliminate sporadic occurrences of cleftingJ 
the following conclusions were drawn from this study: 
Raph~ of the upper lip and asymmetrical nasal shape 
seemed to beJ in individual families) valid criteria 
for determining possible 11 gene carriers" o:f cleft lip 
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and cleft palate. However, since these ~ oral-facial 
abnormalities were not observed in all expected 
instances, significant facial manifestations other 
than those studied may have been present. 
Mandibular lip pits, cleft lip, and cleft palate 
seem to be transmitted by a single autosomal dominant 
gene with variable expressivity. This observation, 
made on the single family in this study in which all 
three traits occurred simultaneously, confirms the 
observations of Vander Woude 47 and Curtis and Walker. 71 
Commissural lip pits appeared to be inherited 
independently of cleft lip and cleft palate and 
may be transmitted as an autosomal dominant trait. 
The frequency of bifid ~vula was much higher 
in relatives with a family history for cleftina than 
in the general population. This result gives support 
to the findings of Meskin and his associates. 156 
No definite hereditary pattern for the condi-
tion of bifid uvula alone was found, and when bifid 
uvula and commissural lip pits were considered in 
various combinations with cleft lip and/or cleft 
ualate no obvious validation of any manner of inheri-
. 
tance of the cleft lip and/or cleft palate condition 
was observed. 
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The circumference-interorbital index was sig-
nificantly larger (p .001) in the relatives of the 
proband with a family history of cleftinc group. 
Skeletal interorbital distance and the canthal 
index was found to be significantly smaller in the 
relatives of the proband with a family history for 
clefting group (p .025 and p .05). 
The significant differences in the ocular and 
orbital measurements between the two groups could 
not be related to the degree of relationship to the 
proband. This failure may well have been due to 
the size of the sample of the population involved 
and~ therefore~ it is suggested that additional 
measurements from individuals of new families with 
a history of clefting supplement these results 
before a final conclusion is drawn. 
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ABSTRACT 
J 
STUDY OF THE HEREDITARY BASIS OF CLEFT ~ LIP AND 
CLEFT PALATE By Chester Tullio Coccia 
This study attempted to( j_dentify the incomplete 
manifestations of gene(s) producing cleft lip and/or 
cleft palate. An effort was made to determine how 
various oral-facial discrepancies, when considered as 
incomplete manifestations of clefting, might produce 
an obvious mode of inheritance of the clefting trait 
i n families with a history of cleft lip and/or cleft 
palate. Eleven families were studied, selection being 
made on the basis of the degree of relationship of the 
affected individuals to the proband. 
Oral and facial discrepancies i ncluding bifid uvula, 
I 
mand i bular lip pits, commissural lip pits, raphe of the 
uppe r lip, notching of the alveolus, asyrrunetrical nasal 
shape, congenitally missing and malformed maxillary 
central and lateral incisors, and excessive crowding of 
t he te e t h in t he anterior segment of the maxillary arch 
were selected as possible incomplete manifestations of 
gene action. The results of this study demonstrated that 
when these manifestations were considered together with 
the cleft lip and/or cle f t palate condition, no additional 
i nformation on the manner of inheritance of the cleft lip 
and/or cleft palate trait was produced. 
J 
j 
Ocular and orbital measurements) which may also 
be used in determining possible mid-facial discrepancies) 
were compared between the relatives of families with a 
history of clefting and a ~antral group of individuals 
ranging from four to 22 years of age. A total. of 166 
individuals were compared. Significant differences in 
the circumference-interorbital inde~) skeletal inter-
orb i tal distance) and the canthal index were found. 
- ) 
Since these significant differences in the ocular 
and orbital measurements could not be significantly 
related to the degree of relat i onshi p between affecteds 
(the test of heritability)) they should be held with 
some reservatio n until ~ larger sample can be studied. 
J 
